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VPDQ\PLVVLRQVKDYH
EHHQ GHGLFDWHG WRPRQLWRULQJ WKH WHUUHVWULDO DWPRVSKHUH DQG VXUIDFHV 6RPHRI WKHVH VDWHOOLWHV DUH
GHGLFDWHG WRWKH7URSLFVZLWK VSHFLILFRUELWV0HJKD7URSLTXHV 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 LVGHYRWHGWR WKHZDWHUDQG
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REMHFWLYHRIDVVHVVLQJWKHK\GURORJLFDOSRWHQWLDORIVDWHOOLWHUDLQIDOOSURGXFWVLQWKH7URSLFV7KHZRUOG
PRVW LPSRUWDQW ULYHUV OD\ LQ WURSLFDO DUHDV ZKHUH WKH LQ VLWX REVHUYDWLRQ QHWZRUNV DUH GHILFLHQW
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DQLQFUHDVHRIIORRGVKD]DUGVGXULQJWKHVRFDOOHG5HGIORRGSHULRG,Q1LDPH\FLW\WKHKLJKHVWULYHU
OHYHOVDQGWKHORQJHVWIORRGHGSHULRGZHUHUHFRUGHGLQDQGOHDGLQJWRKHDY\
FDVXDOWLHVDQGSURSHUW\GDPDJH7KLVVWXG\FRPELQHVK\GURORJLFDOPRGHOOLQJDQGDYDULHW\RIUDLQIDOO
HVWLPDWLRQSURGXFWVVDWHOOLWHDQGLQVLWXWRPHHWVHYHUDOREMHFWLYHVLWKHVLPXODWLRQRIWKH1LDPH\
5HG IORRG DQG WKH GHWHFWLRQ RI IORRGV GXULQJ WKH UHFHQW SHULRG  LL WKH VWXG\ RI WKH
SURSDJDWLRQRI VDWHOOLWH UDLQIDOO HUURUV LQ K\GURORJLFDOPRGHOOLQJ LLL WKHHYDOXDWLRQRI WKH UROHRI
UDLQIDOOYDULDELOLW\DQGVXUIDFHFRQGLWLRQVLQWKHFKDQJHVRIWKH5HGIORRGLQ1LDPH\VLQFHWKHV
7KHJOREDOPRGHO,6%$75,3LVUXQZLWKDUHVROXWLRQRIDQGKDQGVHYHUDOUDLQIDOOSURGXFWV
ZHUHXVHGDVIRUFLQJ3URGXFWVGHULYHGIURPJDXJHV.5,*&3&SXUHVDWHOOLWHSURGXFWV7$3((5
%57&0253+3(56,$11DQGPL[HGVDWHOOLWHSURGXFWVDGMXVWHGE\ UDLQJDXJHV %Y
5)(3(56,$11&'57KLVZRUNFRQILUPVWKHK\GURORJLFDOSRWHQWLDORIVDWHOOLWHUDLQIDOOSURGXFWV
DQGSURSRVHVDQRULJLQDODSSURDFKWRRYHUFRPHWKHLUELDVHV,WKLJKOLJKWVWKHQHHGIRUGRFXPHQWLQJ
WKH HUURUV DVVRFLDWHG ZLWK WKH UDLQIDOO SURGXFWV DQG WKH HUURU VWUXFWXUH )LQDOO\ WKH K\GURORJLFDO
PRGHOOLQJUHVXOWVVLQFHWKHVKDYHJLYHQDQHZXQGHUVWDQGLQJRIWKHUHODWLYHUROHRIUDLQIDOODQG
VXUIDFHFRQGLWLRQVLQWKHGUDVWLFLQFUHDVHRIIORRGULVNLQ1LDPH\

Key words: Hydrometeorology, Tropical rain, Satellite rainfall estimates, Hydrological modelling, 
Hydrological changes, Floods, Niger River, Red flood, Niamey.
  
Résumé 
'HSXLVOHGpYHORSSHPHQWGHVPHVXUHVVDWHOOLWHVGHQRPEUHXVHVPLVVLRQVVSDWLDOHVVRQWGpGLpHV
DXVXLYLGHO¶DWPRVSKqUHHWGHODVXUIDFHWHUUHVWUH&HVWUDYDX[GHWKqVHV¶LQVFULYHQWGDQVOHFDGUHGH
ODPLVVLRQ0HJKD7URSLTXHVGpGLpHDXF\FOHGHO¶HDXHWGHO¶pQHUJLHHQ]RQHWURSLFDOH/¶REMHFWLIHVW
G¶pYDOXHU OH SRWHQWLHO GHV HVWLPDWLRQV GH SUpFLSLWDWLRQ SDU VDWHOOLWH SRXU GHV DSSOLFDWLRQV
K\GURORJLTXHVHQ]RQHWURSLFDOH/HV7URSLTXHVUpXQLVVHQWOHVSOXVJUDQGVIOHXYHVGXJOREHPDLVQH
EpQpILFLHQWSDVGHUpVHDX[G¶REVHUYDWLRQLQVLWXGHQVHVHWFRQWLQXVSHUPHWWDQWXQHJHVWLRQLQWpJUpH
HIILFDFH GH OD UHVVRXUFH HW GHV V\VWqPHV G¶DOHUWHV /HV HVWLPDWLRQV GHV SUpFLSLWDWLRQV LVVXHV GHV
V\VWqPHVG¶REVHUYDWLRQVDWHOOLWHRIIUHQWXQHDOWHUQDWLYHSRXUFHVEDVVLQVSHXRXSDVLQVWUXPHQWpVHW
VRXYHQW H[SRVpV DX[ H[WUrPHV FOLPDWLTXHV &¶HVW OH FDV GX IOHXYH 1LJHU TXL D VXEL XQH JUDQGH
YDULDELOLWp FOLPDWLTXH GHSXLV OHV DQQpHV  PDLV DXVVL G¶LPSRUWDQWV FKDQJHPHQWV
HQYLURQQHPHQWDX[ HW K\GURORJLTXHV 'HSXLV OHV DQQpHV  OH 1LJHU PR\HQ FRQQDvW XQH
UHFUXGHVFHQFH GHV LQRQGDWLRQV SHQGDQW OD SpULRGH GH FUXH 5RXJH HQJHQGUpH SDU VHV DIIOXHQWV
VDKpOLHQV SHQGDQW OD PRXVVRQ$ 1LDPH\ GHV QLYHDX[ UHFRUG GH KDXWHXU G¶HDX HW GH SpULRGH
G¶LQRQGDWLRQ RQW pWp HQUHJLVWUpV HQ    HW  HQJHQGUDQW GH QRPEUHXVHV SHUWHV
KXPDLQHV HW PDWpULHOOHV &HV WUDYDX[ DQDO\VHQW O
LQIOXHQFH GX IRUoDJH SOXYLRPpWULTXH VXU OHV
LQRQGDWLRQV OLpHV j OD FUXH5RXJH j1LDPH\8QH JDPPH GH SURGXLWV SOXYLRPpWULTXHV LQ VLWX HW
VDWHOOLWHHWODPRGpOLVDWLRQK\GURORJLTXH,6%$75,3VRQWFRPELQpVSRXUpWXGLHULO¶DSSRUWGHV
SURGXLWV VDWHOOLWH SRXU GLDJQRVWLTXHU OD FUXH 5RXJH UpFHQWH LL O
LPSDFW GHV FDUDFWpULVWLTXHV GHV
SURGXLWVHWGHOHXUVLQFHUWLWXGHVVXUOHVVLPXODWLRQVHWHQILQLLLO¶pYDOXDWLRQGXU{OHGHVSUpFLSLWDWLRQV
IDFHDX[FKDQJHPHQWVGHFRQGLWLRQVGHVXUIDFHGDQV O¶pYROXWLRQGHODFUXH5RXJHj1LDPH\GHSXLV
OHV DQQpHV  /¶pWXGH D PLV HQ pYLGHQFH O¶LPSDFW GHV FDUDFWpULVWLTXHV GHV HVWLPDWLRQV GHV
SUpFLSLWDWLRQVFXPXOLQWHQVLWpHWGLVWULEXWLRQVSDWLRWHPSRUHOOHVXUODPRGpOLVDWLRQK\GURORJLTXHHW
OHSRWHQWLHOGHVSURGXLWVVDWHOOLWHVSRXUOHVXLYLGHVLQRQGDWLRQV/HVFDUDFWpULVWLTXHVGHVSUpFLSLWDWLRQV
VHSURSDJHDQWGDQVODPRGpOLVDWLRQODGpWHFWLRQGHVLQRQGDWLRQVHVWSOXVHIILFDFHDYHFXQHDSSURFKH
UHODWLYH j FKDTXH SURGXLW SOXW{W TX¶DYHF XQ VHXLO DEVROX$LQVL GHV SURGXLWV SUpVHQWDQW GHV ELDLV
SHXYHQWrWUHHQYLVDJpVSRXUODVLPXODWLRQK\GURORJLTXHHWODGpWHFWLRQGHVLQRQGDWLRQV/HQRXYHDX
SURGXLW7$3((5GHODPLVVLRQ07SUpVHQWHXQIRUWSRWHQWLHOK\GURORJLTXHHQHWSRXUOD]RQH
G¶pWXGH'¶DXWUH SDUW O¶pWXGH GH OD SURSDJDWLRQ GH O¶HUUHXU DVVRFLpH j FHV SUpFLSLWDWLRQV DPLV HQ
pYLGHQFH OD QpFHVVLWp GH GpWHUPLQHU OD VWUXFWXUH GX FKDPS G¶HUUHXU SRXU O¶XWLOLVDWLRQ G¶XQH WHOOH
LQIRUPDWLRQHQK\GURORJLH(QILQ ODPRGpOLVDWLRQDpWpXWLOLVpHFRPPH OHYLHUSRXUGpFRPSRVHU OHV
VHQVLELOLWpV GH OD FUXH5RXJH DX[ YDULDWLRQV GHV SUpFLSLWDWLRQV HW GHV FRQGLWLRQV GH VXUIDFH 3RXU
VLPXOHUOHVFKDQJHPHQWVK\GURORJLTXHVHQWUHOHVSpULRGHVHWOHVFKDQJHPHQWV
G¶RFFXSDWLRQ GX VRO HW G¶DLUH GH GUDLQDJH GRLYHQW rWUH SULV HQ FRPSWH 3XLV OHV YDULDWLRQV GHV
SUpFLSLWDWLRQVSHXYHQWH[SOLTXHUOHVFKDQJHPHQWVPDMHXUVGpFHQQDX[HWDQQXHOVHQWUHOHVDQQpHV
HW

Mots clé : Hydrométéorologie, Pluies tropicales, Estimation des précipitations par satellite, 
Modélisation hydrologique, Changements hydrologiques, Inondations, Fleuve Niger, Crue Rouge, 
Niamey. 
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Introduction 
 
 
 
HDXHVWXQpOpPHQWYLWDOQpFHVVDLUHjWRXVHWVRQF\FOHGpWHUPLQHVDUHGLVWULEXWLRQjOD
VXUIDFHGH ODSODQqWH/HV7URSLTXHV VRQWXQPRWHXUWUqVDFWLI GHFHWWHG\QDPLTXH
SXLVTX¶XQHLPSRUWDQWHTXDQWLWpG¶HDX\HVWpYDSRUpHHWSUpFLSLWpH&HWWHUpJLRQFRQFHQWUHSUqVGH
GHVSUpFLSLWDWLRQVJOREDOHVPDLVPDOJUpGHWHOOHVSURSRUWLRQVFHUWDLQHV]RQHVGHODEDQGHWURSLFDOH
SHXYHQW FRQQDvWUH GH JUDQGHV GLIILFXOWpV GDQV OD JHVWLRQ G¶XQH WHOOH UHVVRXUFH 6pFKHUHVVHV
LQRQGDWLRQVVRQWOHORWGHQRPEUHX[SD\VROHVSOXLHVVXLYHQWXQF\FOHVDLVRQQLHUGHPRXVVRQ$OD
YDULDWLRQQDWXUHOOHGXF\FOHGHO¶HDXV¶DMRXWHQWGHSXLVSOXVLHXUVVLqFOHVOHVFRQVpTXHQFHVG¶XQHIRUWH
DQWKURSLVDWLRQGXPLOLHXHWGHVUHMHWVDWPRVSKpULTXHVTXLHQJHQGUHQWXQUpFKDXIIHPHQWJOREDO/D
QpFHVVDLUH FRQQDLVVDQFH GX F\FOH GH O¶HDX HW O¶XUJHQFH GH OD FRPSUpKHQVLRQ GHV LPSDFWV G¶XQ
UpFKDXIIHPHQWJOREDORQWHQJHQGUpGHQRPEUHX[SURJUDPPHVGHUHFKHUFKH'HSXLV OHVRO MXVTX¶j
O¶DWPRVSKqUHHQSDVVDQWSDU OHFRXYHUWYpJpWDO FKDTXHFRPSRVDQWHGHFKDTXHSURFHVVXV LPSOLTXp
GDQV OHF\FOHGH O¶HDXHVWpWXGLp'HSXLV OHVDQQpHV OHVREVHUYDWLRQV VDWHOOLWHVSHUPHWWHQWGH
VXLYUH OD FRXYHUWXUH QXDJHXVH GX JOREH HW OHV VXUIDFHV WHUUHVWUHV /D GLYHUVLILFDWLRQ GH
O¶LQVWUXPHQWDWLRQjERUGGHVVDWHOOLWHVHWODPXOWLSOLFDWLRQGHVSODWHIRUPHVRQWDPpOLRUpOHVXLYLGHV
GLYHUVHVFRPSRVDQWHVDWPRVSKpULTXHVHWFRQWLQHQWDOHVLPSOLTXpHVGDQVOHF\FOHGHO¶HDX/DPLVVLRQ
*30*OREDO3UHFLSLWDWLRQ0HDVXUHPHQWUHJURXSHXQHQVHPEOHGHPLVVLRQVFRQVDFUpHVjODPHVXUH
JOREDOH GHV SUpFLSLWDWLRQV 6026 HW *5$&( SHUPHWWHQW OH VXLYL GX FRQWHQX HQ HDX GX VRO OHV
PLVVLRQVG¶DOWLPpWULHVDYHF6:27jYHQLUHQUHJLVWUHQWOHVKDXWHXUVG¶HDXHQPLOLHXRFpDQLTXHHW
DTXDWLTXHFRQWLQHQWDO/DPLVVLRQ7URSLFDO5DLQIDOO0HDVXUHPHQW0LVVLRQ7500±IXW
ODSUHPLqUHFRQVDFUpHjO¶HVWLPDWLRQGHVSUpFLSLWDWLRQVGHOD]RQHWURSLFDOH/DUpFHQWHPLVVLRQIUDQFR
LQGLHQQH0HJKD7URSLTXHV07ODQFpHHQGpGLpHjODFRPSUpKHQVLRQJpQpUDOHGXF\FOHGH
O¶HDXGDQVO¶DWPRVSKqUHWURSLFDOHGDQVXQFRQWH[WHGHFKDQJHPHQWFOLPDWLTXHSHUIHFWLRQQHHQFRUH
O¶pFKDQWLOORQQDJHHQ]RQHWURSLFDOHJUkFHjXQHRUELWHGpGLpH(Q$IULTXHGHO¶2XHVWOHVSURJUDPPHV
+$3(;6DKHO  *RXWRUEH HW DO  SXLV $00$ $IULFDQ 0RQVRRQ 0XOWLGLVFLSOLQDU\
$QDO\VLV SKDVH   HW SKDVH   ZZZDPPDLQWHUQDWLRQDORUJ HW -DQLFRW HW
DOVHVRQWFRQVDFUpVjO¶pWXGHGHODPRXVVRQRXHVWDIULFDLQHVDG\QDPLTXHVDYDULDELOLWpHWj
/¶
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O¶LPSDFWGXFKDQJHPHQWFOLPDWLTXHHWDQWKURSLTXH/HVGLYHUVVLWHVG¶H[SpULPHQWDWLRQLQVLWXHWOHV
GLYHUVHVFDPSDJQHVG¶$00$RQWDXVVLSDUWLFLSpjODYDOLGDWLRQGHPLVVLRQVVDWHOOLWHFRPPH07
&HVPLVVLRQVVRQWGpWHUPLQDQWHVSRXUODFRPSUpKHQVLRQGXF\FOHGHO¶HDXHWHQSDUWLFXOLHUGH
VDSKDVHFRQWLQHQWDOH/HVSUpFLSLWDWLRQVDOLPHQWHQWOHVEDVVLQVYHUVDQWVHWGpWHUPLQHQWOHVFRQGLWLRQV
HQYLURQQHPHQWDOHV GH FH GHUQLHU /D GLVSRQLELOLWp HQ HDX FRQVWLWXH OH IDFWHXU OLPLWDQW GH OD YLH
YpJpWDOHFRPPHDQLPDOHVXUWRXWGDQVOHV]RQHVDULGHVHWVHPLDULGHVFRPPHDX6DKHO/DJHVWLRQ
GH O¶HDX HQ SDUWLFXOLHU GDQV OHV ]RQHV R HOOH HVW OLPLWpH HVW XQ GpIL HW XQH QpFHVVLWp SRXU OH
GpYHORSSHPHQW(Q]RQHLQWHUWURSLFDOHRVHFRQFHQWUHQWOHVIOHXYHVOHVSOXVLPSRUWDQWVGXPRQGH
O¶$PD]RQHOH0pNRQJOH&RQJRHWF«OHVEDVVLQVVRQWVRXYHQWIDLEOHPHQWLQVWUXPHQWpVOLPLWDQW
OHVpWXGHVHWODPLVHHQSODFHGHVXLYLSRXUODJHVWLRQGHODUHVVRXUFHHWGHVDOHUWHVGHVpFKHUHVVHRX
G¶LQRQGDWLRQ 6L OHV UpVHDX[ GH SOXYLRPqWUHV UHVWHQW LQGLVSHQVDEOHV SRXU FDOLEUHU RX YDOLGHU OHV
DOJRULWKPHV G¶HVWLPDWLRQ VDWHOOLWH GHV SUpFLSLWDWLRQV HW TX¶LOV FRQVWLWXHQW OHV MHX[ GH GRQQpHV
KLVWRULTXHVOHVSOXVDQFLHQVO¶XWLOLVDWLRQGHVGRQQpHVVDWHOOLWHVSRXUGHV]RQHVpWHQGXHVHWIDLEOHPHQW
LQVWUXPHQWpHVHVWXQHDOWHUQDWLYHSHUWLQHQWHHWSURPHWWHXVH&HVWUDYDX[GHWKqVHV¶LQVFULYHQWGDQVOH
FRQWH[WH GX GpYHORSSHPHQW HW GH O¶XWLOLVDWLRQ GHV PR\HQV G¶REVHUYDWLRQ VSDWLDOH SRXU O¶pWXGH GH
O¶K\GURPpWpRURORJLHGHVEDVVLQVYHUVDQWVWURSLFDX[FRXYUDQWGHJUDQGHVVXSHUILFLHVVRXYHQWSHX
RXSDVFRXYHUWHVSDUGHVUpVHDX[G¶REVHUYDWLRQLQVLWXHWYXOQpUDEOHVDX[DOpDVFOLPDWLTXHV
/HIOHXYH1LJHURX'MROLEDIOHXYHGHVIOHXYHVHQ$IULTXHGHO¶2XHVWFRQVWLWXHXQHUHVVRXUFH
LQGLVSHQVDEOH SRXU OHV SRSXODWLRQV /HV FULVHV FOLPDWLTXHV TXH OH EDVVLQ WUDYHUVH LPSDFWHQW
GLUHFWHPHQW OHV SRSXODWLRQV OHV VpFKHUHVVHV GHV DQQpHV  HW  GpFLPDQW OHV WURXSHDX[ HW
HQJHQGUDQW GHV IDPLQHV OHV LQRQGDWLRQV HQ UHFUXGHVFHQFH FHV GHUQLqUHV GpFHQQLHV HQJHQGUDQW GH
ORXUGHVSHUWHVKXPDLQHVHWPDWpULHOOHV/¶$XWRULWpGX%DVVLQGX1LJHU$%1TXLDODUHVSRQVDELOLWp
GHODJHVWLRQGHFHIOHXYHWUDQVIURQWDOLHUFRQWLQXHGHGpYHORSSHUVRQUpVHDXGHVWDWLRQVK\GURORJLTXHV
LQVLWXPDLVQpFHVVLWHHQSDUDOOqOHGHVGRQQpHVGHSUpFLSLWDWLRQVVSDWLDOLVpHVVXUO¶HQVHPEOHGXEDVVLQ
(QSDUWLFXOLHUSRXUOHVXLYLGHODFUXH5RXJHGDQVOH1LJHUPR\HQHQJHQGUpHSDUOHVpFRXOHPHQWV
UDSLGHVHWWHPSRUDLUHVGHVNRULVDIIOXHQWVGXOLWSULQFLSDOTXLVHIRUPHQWSHQGDQWODPRXVVRQ/DFUXH
5RXJHDFRQQXG¶LPSRUWDQWVFKDQJHPHQWVGHSXLV OHVDQQpHVHW OHVFDVG¶LQRQGDWLRQSHQGDQW
FHWWHSpULRGHGH O¶DQQpHVRQWHQ UHFUXGHVFHQFHGHSXLV OHVDQQpHV RGHV UHFRUGVGHKDXWHXU
G¶HDX HW GH GXUpH G¶LQRQGDWLRQ RQW pWp HQUHJLVWUpV HQ    HW  GDQV OD YLOOH GH
1LDPH\&HVUpFHQWVpYpQHPHQWVGHPDQGHQWjrWUHFRPSULVSUpGLWVHWUpJXOpVDPpQDJHPHQWSRXU
OLPLWHUOHQRPEUHGHYLFWLPHVHWOHVGpJkWVPDWpULHOV'HQRPEUHXVHVpWXGHVRQWPLVHQpYLGHQFHOH
U{OHGHVFKDQJHPHQWVG¶XWLOLVDWLRQGHFRXYHUWXUHGXVROHQJHQGUpVSDUODVpFKHUHVVHHW ODSUHVVLRQ
DQWKURSLTXHGDQVOHVFKDQJHPHQWVTX¶DFRQQXVODFUXH5RXJH0DLVOHU{OHGHVSUpFLSLWDWLRQVDERUGp
GHSXLVPRLQVORQJWHPSVHVWWRXMRXUVGLVFXWpHWUHVWHPDOFRPSULV,OHVWQpDQPRLQVHQYLVDJHDEOHTXH
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OHVSUpFLSLWDWLRQVMRXHQWXQU{OHGpWHUPLQDQWGDQVOHVFKDQJHPHQWVK\GURORJLTXHVGHODFUXH5RXJH
HQSDUWLFXOLHUGHSXLVOHVGHUQLHUVpYpQHPHQWVH[WUrPHVG¶LQRQGDWLRQV
&HWWHWKqVHV¶LQVFULWGDQVOHFRQWH[WHJpQpUDOpQRQFpFLGHVVXVHWGDQVOHFDGUHGHO¶H[SORLWDWLRQ
VFLHQWLILTXHGHODQRXYHOOHPLVVLRQ07/HVREMHFWLIVVHUpXQLVVHQWDXWRXUG¶XQD[HFHQWUDOEDVpVXU
O¶XWLOLVDWLRQGHSURGXLWG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVVDWHOOLWHHWLQVLWXHQWDQWTXHIRUoDJHSRXUOD
PRGpOLVDWLRQ K\GURORJLTXH HW OD VLPXODWLRQ GH OD FUXH 5RXJH GX IOHXYH 1LJHU j 1LDPH\ /D
PRGpOLVDWLRQVHUDWHOOHjPrPHGHVLPXOHUODFUXH5RXJH"/HVSURGXLWVG¶HVWLPDWLRQVGHVVDWHOOLWHV
SHXYHQWLOVrWUHXWLOLVpVHQIRUoDJHGHVPRGqOHVSRXUOHVXLYLUpFHQWHWORQJWHUPHGHODFUXH5RXJH"
/HVHQMHX[HW OHFRQWH[WHK\GURFOLPDWLTXHGXEDVVLQGX1LJHUDLQVLTXHGXVRXVEDVVLQ$QVRQJR
1LDPH\FLEOpGDQVFHWWHpWXGHVRQWH[SRVpVGDQVOHFKDSLWUH'HQRPEUHX[SURGXLWVG¶HVWLPDWLRQ
GHVSUpFLSLWDWLRQVEDVpVVXUGLIIpUHQWHVGRQQpHVHWPpWKRGHVVRQWGLVSRQLEOHVjSOXVLHXUVpFKHOOHV
VSDWLRWHPSRUHOOHVFKDFXQYHQDQWDYHFVDSURSUHGLVWULEXWLRQGHVSUpFLSLWDWLRQV3OXVLHXUVG¶HQWUHHX[
VRQWXWLOLVpVGDQVFHVWUDYDX[HWVRQWGpFULWVFRPSDUpVHWpYDOXpVGDQVOHFKDSLWUH/DPRGpOLVDWLRQ
VRQLPSOpPHQWDWLRQVXUO¶DLUHG¶pWXGHHWVHVVHQVLELOLWpVVRQWSUpVHQWpHVGDQVOHVFKDSLWUHVHW/D
VWUDWpJLH GH PRGpOLVDWLRQ V¶HVW RULHQWpH YHUV XQH SODWHIRUPH FRXSODQW XQPRGqOH GH VXUIDFH j XQ
PRGqOHGHURXWDJHFKDSLWUHjO¶pFKHOOHJOREDOHHWVXUGHVEDVHVSK\VLTXHV&HFKRL[VRXOqYHGHV
TXHVWLRQVVXEVLGLDLUHVTXLVHURQWDERUGpHVWRXWDXORQJGXPDQXVFULWXQWHOPRGqOHHVWLOjPrPHGH
UHSURGXLUHSUpFLVpPHQWGHVSURFHVVXVORFDX[GHILQHpFKHOOHVSDWLRWHPSRUHOOHHWSHXWLOPRGpOLVHUGH
PDQLqUH VDWLVIDLVDQWH OH GpELW SHQGDQW OD FUXH 5RXJH GH 1LDPH\" (QILQ OHV FKDSLWUHV   HW 
UpSRQGHQWFKDFXQjXQGHVREMHFWLIVFHQWUDX[GHODWKqVH
x 48(67,214XHOHVW OHSRWHQWLHOGHVSURGXLWVG¶HVWLPDWLRQV VDWHOOLWHVSRXU OH VXLYLGHV
LQRQGDWLRQVUpFHQWHVGX1LJHUj1LDPH\SHQGDQWODFUXH5RXJHFKDSLWUH"x 48(67,21  4XHOV VRQW OHV LPSDFWV GHV FDUDFWpULVWLTXHV GHV GLIIpUHQWV SURGXLWV VXU OD
VLPXODWLRQFKDSLWUH"(WTXHOVVRQWOHVLPSDFWVGHODSURSDJDWLRQGHVHUUHXUVDVVRFLpHVDX[
SUpFLSLWDWLRQVGDQVODPRGpOLVDWLRQFKDSLWUH"x 48(67,214XHOHVWOHU{OHGHVSUpFLSLWDWLRQVIDFHDX[FKDQJHPHQWVGHVVXUIDFHVGDQV
OHV FKDQJHPHQWV K\GURORJLTXHV GH OD FUXH 5RXJH GX 1LJHU PR\HQV GHSXLV OHV DQQpHV
FKDSLWUH"
1% /HV FKDSLWUHV GH FH PDQXVFULW VRQW FRQVWLWXpV G¶XQH LQWURGXFWLRQ HW G¶XQH FRQFOXVLRQ HQ
LWDOLTXH&HPDQXVFULWHVWUpGLJpHQIUDQoDLVjO¶H[FHSWLRQGXF°XUGHVFKDSLWUHVHWHWGHO¶DQQH[H
9,FRQVWLWXpVG¶DUWLFOHVSXEOLpVRXVRXPLVGDQVGHVUHYXHVVFLHQWLILTXHVHWUpGLJpVHQDQJODLV
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

Chapitre 1 Hydrométéorologie de l’Afrique de l’Ouest : 
le Niger et le bief Ansongo-Niamey  



RPPp /H 'MROLED HQ 0DQGLQJXH %DPEDUD HW %R]R O¶,VVD %HUL HQ 6RQJKDw
O¶<ROOLWDJROHQ3HXORXHQFRUHOHIOHXYHGHVIOHXYHVGX7DPDVKHTJKHUQJKHUHQOH
IOHXYH1LJHUHVWOHSOXVLPSRUWDQWG¶$IULTXHGHO¶2XHVWHWOHqPHG¶$IULTXHDSUqVOH&RQJRHWOH1LO
6RXUFHGHYLHGHGpYHORSSHPHQWDJULFROHHWFRPPHUFLDOOH1LJHUSHXWDXVVLrWUHjO¶RULJLQHGHSHUWHV
GRPPDJHDEOHVjFDXVHGHVHVLQRQGDWLRQV/DqUHSDUWLHGHFHFKDSLWUHGpFULWOHEDVVLQGX1LJHUGDQV
VRQ HQVHPEOH VRQ U{OH HQ$IULTXHGH O¶2XHVW VD JRXYHUQDQFH VRQ K\GURORJLH OD G\QDPLTXH HW
O¶pYROXWLRQGHVRQFOLPDWHWOHVULVTXHVOLpVjVHVLQRQGDWLRQV/H1LJHUFRQQDLWGHX[UpJLPHVGHFUXH
ODFUXH*XLQpHQQHHW ODFUXH5RXJH'HSXLVOHVDQQpHVODIUpTXHQFHHW O¶LQWHQVLWpGHODFUXH
5RXJHRQWDXJPHQWpFDXVDQWGHGUDPDWLTXHVLQRQGDWLRQVHQSDUWLFXOLHUGDQVODYLOOHGH1LDPH\/D
QGHSDUWLHGHFHFKDSLWUHFRPPHO¶HQVHPEOHGHFHVWUDYDX[GHWKqVHVHIRFDOLVHVXUOHEDVVLQGXELHI
$QVRQJR1LDPH\GRQWOHVpFRXOHPHQWVFRQWULEXHQWjODFUXH5RXJH&HVRXVEDVVLQHVWFRPSRVpG¶XQH
ULYH GURLWH FRQWULEXWLYH WRUUHQWLHOOH HW G¶XQH ULYH JDXFKHPDMRULWDLUHPHQW HQGRUpLTXH 'XUDQW OD
PRXVVRQ OHV SUpFLSLWDWLRQV DOLPHQWHQW SOXVLHXUV DIIOXHQWV WHPSRUDLUHV GRQW OHV FRQWULEXWLRQV VH
VXSHUSRVHQW j O¶pFRXOHPHQW SURYHQDQW GH O¶DPRQW SRXU IRUPHU OD FUXH 5RXJH /H SD\VDJH
O¶K\GURORJLHGXVRXVEDVVLQHW OHXUVpYROXWLRQV VRQWSUpVHQWpV LFL /¶REMHFWLIGHFHFKDSLWUHHVW HQ
SUHPLHUOLHXGHGUHVVHUXQHGHVFULSWLRQGXSD\VDJHK\GURORJLTXHHWGHVHQMHX[GXIOHXYH1LJHUHQ
SDUWLFXOLHUSRXUOHVRXVEDVVLQG¶LQWpUrW ,OYLVHDXVVLLjVRXOLJQHUO¶LQWpUrWGHO¶XWLOLVDWLRQGHV
SUpFLSLWDWLRQVHVWLPpHVjSDUWLUGHPHVXUHVVDWHOOLWHSRXUVXLYUHHWFRPSUHQGUHOHVYDULDWLRQVGHOD
FUXH5RXJHGX1LJHULLHWjPHWWUHHQpYLGHQFHODFRPSOH[LWpGXSD\VDJHTXLUHSUpVHQWHXQGpILSRXU
ODPRGpOLVDWLRQK\GURORJLTXH 
                                                             
(QGRUpLVPHGpILQLXQEDVVLQYHUVDQWSUpVHQWDQWXQUpVHDXK\GURORJLTXHSOXVRXPRLQVRUJDQLVpTXLQHSUpVHQWHSDV
G¶RXYHUWXUHVXUXQUpVHUYRLUG¶HDXGHVXUIDFHG¶XQHJUDQGHVXSHUILFLHRFpDQPHUjO¶LQYHUVHG¶XQEDVVLQGLWH[RUpLTXH
1
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 Le bassin du Niger 
/H1LJHU)LJXUHDORQJGHNPHVWOHSOXVLPSRUWDQWIOHXYHG
$IULTXHGHO
2XHVWHW
OHqPHGXFRQWLQHQWDIULFDLQ qPH HQ WHUPHGHGpELW/¶HVWLPDWLRQGH OD VXSHUILFLHGHVRQEDVVLQ
YHUVDQWYDULHHQWUHHWNPVHORQODSULVHHQFRPSWHGHV]RQHVLQDFWLYHVHWOD
YDULDWLRQG¶pYDOXDWLRQGHODVXSHUILFLHGXGHOWDLQWpULHXU/HEDVVLQK\GURORJLTXHPHQWDFWLI)LJXUH
EV
pWHQGVXUSD\V*XLQpH&{WHG
,YRLUH0DOL1LJHU%XUNLQD)DVR1LJHULD%pQLQ&DPHURXQ
7FKDG/¶$OJpULHSHXWrWUHUDWWDFKpHDXEDVVLQWRSRJUDSKLTXHSDUOHVUpVHDX[IRVVLOHVGHO
$]DRXDJK
)LJXUHE'HVLQFHUWLWXGHVSHUVLVWHQWTXDQWjO
LQWpJUDWLRQG
XQHSDUWLHGHOD6LHUUD/HRQHHWGH
OD0DXULWDQLHGDQVO
DLUHGHGUDLQDJH/H1LJHUVXLWXQFRXUVDW\SLTXHTXLGpFULWXQHERXFOHjWUDYHUV
XQJUDGLHQWpFRFOLPDWLTXHpWHQGXGHSXLV OHVFRQILQVGXGRPDLQH*XLQpHQSOXVGHPPGH
SOXLHSDUDQMXVTX
DX[SRUWHVGX6DKDUDHQGRPDLQHVXEGpVHUWLTXHPRLQVGHPPGHSOXLHSDU
DQ

 Enjeux autour des ressources et du développement du fleuve Niger 
 Le Niger, bassin nourricier 
/H1LJHUWURXYHVRQRULJLQHpW\PRORJLTXHGDQV OHVQRPV7DPDVKHTDGRSWpVHWWUDQVIRUPpV
SDUGLYHUVSHXSOHV$7RPERXFWRXOH1LJHUpWDLWFRQVLGpUpFRPPHOH©IOHXYHGHVIOHXYHVªJKHUQ
JKHUHQDEUpJpQJKHU/HQRP1LJHUSRXUUDLWpJDOHPHQWYHQLUGHODWUDGXFWLRQ7DPDVKHTGH©O¶HDX
TXLFRXOHªQ¶HJKLUUHQ&HWWHpW\PRORJLHUHIOqWHELHQO¶LPSRUWDQFHTXHSUHQGOH1LJHUGDQVOHVSD\V
TX¶LO WUDYHUVHHWSRXU OHVTXHOV LO UHSUpVHQWH OD UHVVRXUFHHVVHQWLHOOHjGLYHUVHVDFWLYLWpV KXPDLQHV
'HSXLVWRXVWHPSVXWLOLVpSRXUODSrFKHRXSRXUH[WUDLUHGHVPDWpULDX[GHFRQVWUXFWLRQEULTXHVGH
ERXHjSDUWLUGHVVpGLPHQWVGHVEHUJHVOHVSRSXODWLRQVGXEDVVLQXWLOLVHQWpJDOHPHQWKLVWRULTXHPHQW
OHIOHXYHSRXUO¶DJULFXOWXUHHQSDUWLFXOLHUHQH[SORLWDQWVHVF\FOHVK\GURORJLTXHVHWHQFXOWLYDQWVHV
EHUJHVDSUqVODGpFUXHUL]VRUJKR/HFRPPHUFHDXVHLQGXEDVVLQV¶HVWDXVVLGpYHORSSpJUkFHDX
IOHXYH TXL SHUPHWWDLW GH WUDQVSRUWHU OHV SURGXLWV DJULFROHV HW O¶RU GX VXG GX EDVVLQ MXVTX¶j
7RPERXFWRXROHVSURGXLWVGXFRPPHUFHWUDQVVDKDULHQVFXLYUHWLVVXVSURGXLWVPDQXIDFWXUpVVHO
GHVVDOLQHVGH7DRXGpQLDFKHPLQpVSDUOHVFDUDYDQHVpWDLHQWFKDUJpVSRXUHIIHFWXHUOHWUDMHWLQYHUVH
'HQRVMRXUVOHVDFWLYLWpVDXWRXUGXEDVVLQVHVRQWGpYHORSSpHVHQSDUWLFXOLHUO¶DJULFXOWXUHLUULJXpHHW
SOXYLDOHPDLVDXVVL O¶DFWLYLWpPLQLqUHGDQVODSDUWLHDPRQW/¶DPpQDJHPHQWK\GUDXOLTXHGXIOHXYH
ELHQTX¶HQFRUH OLPLWp RXYUDJHV WHQGj V¶DFFURvWUHSRXUSHUPHWWUHXQGpYHORSSHPHQWpTXLOLEUp
HQWUH OHV SD\V HW JpUHU GXUDEOHPHQW OD UHVVRXUFH HQ HDX SRXU O¶LUULJDWLRQ HW OD SURGXFWLRQ
K\GURpOHFWULTXH 'DQV FH EDVVLQ SHXSOp GH  PLOOLRQV G¶KDELWDQWV DYHF XQ WDX[ GH FURLVVDQFH
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GpPRJUDSKLTXHGHGRQQpHVGHFRPPXQLTXpHVSDU O¶$XWRULWpGX%DVVLQGX1LJHU OHV
HQMHX[ DXWRXU GH OD JHVWLRQ GH OD UHVVRXUFH HQ HDX TXDOLWDWLYH HW TXDQWLWDWLYH VRQW FUXFLDX[ HW
LQWLPHPHQWOLpVjODVpFXULWpDOLPHQWDLUHHWVDQLWDLUH

 Gouvernance internationale : l’Autorité du Bassin du Niger (ABN) 
'HSXLVOHVDQQpHVjODVXLWHGHODGpFRORQLVDWLRQHWGHO¶DYqQHPHQWGHO¶LQGpSHQGDQFH
GHVpWDWVGHO¶$IULTXHGHO¶2XHVWOHVpWDWVGXEDVVLQGX1LJHUpODERUHQWXQFDGUHSRXUXQHJHVWLRQ
WUDQVIURQWDOLqUH GX EDVVLQ/¶DFWH GH1LDPH\ VLJQp SDU OHV  SD\V GX EDVVLQ HQ  VXLYL SDU OD
FUpDWLRQGHOD&RPPLVVLRQGXIOHXYH1LJHUHQIL[HOHVUqJOHVGHODJHVWLRQGHODUHVVRXUFHHQ
HDXGHVRQXWLOLVDWLRQDJULFROHHWLQGXVWULHOOHGHODQDYLJDWLRQGXWUDQVSRUWHWGXFRPPHUFH(Q
XQHQRXYHOOHFRQYHQWLRQLQWHUJRXYHUQHPHQWDOHHQJHQGUHODFUpDWLRQGHO¶$XWRULWpGX%DVVLQGX1LJHU
$%1TXLUHPSODFHODSUpFpGHQWHFRPPLVVLRQ/HVREMHFWLIVGHO¶$%1VRQWGH©SURPRXYRLUHWGH
GpYHORSSHUODFRRSpUDWLRQHQWUHOHVSD\VPHPEUHVHWG¶DVVXUHUXQGpYHORSSHPHQWLQWpJUpGXEDVVLQª
GDQVOHVGLIIpUHQWVGRPDLQHVOLpVjODUHVVRXUFHHQHDXGXEDVVLQHWjVDJHVWLRQSrFKHSLVFLFXOWXUH
DJULFXOWXUHpOHYDJH V\OYLFXOWXUHpQHUJLHK\GURpOHFWULTXH LQGXVWULH WUDQVSRUW/¶$%1GpYHORSSH
XQHYLVLRQFODLUHHWSDUWDJpHGHODJHVWLRQGXEDVVLQDFFHSWpHSDUO¶HQVHPEOHGHVpWDWVPHPEUHVj
WUDYHUV XQ 3ODQ G¶$FWLRQ GH 'pYHORSSHPHQW 'XUDEOH 3$'' (Q SDUWLFXOLHU WRXW RXYUDJH RX
DPpQDJHPHQWVXUOHEDVVLQGRLWIDLUHO¶REMHWG¶XQHpWXGHG¶LPSDFW/¶$%1DpJDOHPHQWHQFKDUJHOH
VXLYL HW O¶REVHUYDWLRQ GX EDVVLQ j WUDYHUV VRQ UpVHDX GH VWDWLRQV GH PHVXUHV  VWDWLRQV
K\GURORJLTXHVUHPRQWDQWMXVTX¶jSRXUFHUWDLQVSRLQWVGHPHVXUHHWVWDWLRQVGHTXDOLWpGHV
HDX[(QUHYDQFKH O¶$%1QHSRVVqGHSDVGHVWDWLRQPpWpRURORJLTXHHWQHEpQpILFLHSDVHQFRUHGH
FRQYHQWLRQDYHFOHV'LUHFWLRQVGHOD0pWpRURORJLH1DWLRQDOHV'01GHVGLIIpUHQWVpWDWVGXEDVVLQ
/D SUpYLVLRQ K\GURORJLTXH HVW EDVpH VXU XQ RXWLO XWLOLVDQW OHV UHODWLRQV GpELWGpELW G¶XQH VWDWLRQ j
O¶DXWUH0DLVFHWWHDSSURFKHHVWOLPLWpHSDUO¶pWHQGXHGXEDVVLQODUDSLGLWpGHFHUWDLQVpYqQHPHQWV
O¶LQVpFXULWpGHFHUWDLQHV]RQHVHWOHPDQTXHGHSODWHIRUPHVGHFROOHFWHGHGRQQpHV'&3SRXU'DWD
&ROOHFWLQJ3ODWIRUPSRXUODWUDQVPLVVLRQHQWHPSVUpHOGHVGRQQpHV&HVFRQGLWLRQVSRXVVHQWO¶$%1
jGpYHORSSHUXQHSUpYLVLRQK\GURORJLTXHEDVpHVXUODUHODWLRQSOXLHGpELWPHWWDQWjSURILWOHVPR\HQV
VSDWLDX[ SRXU O¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV HW pYHQWXHOOHPHQW FHOOHV GHV KDXWHXUV G¶HDX /D
FROODERUDWLRQDYHFO¶$%1SHQGDQWFHVWUDYDX[GHWKqVHDSHUPLVO¶REWHQWLRQGHGRQQpHVGHGpELWHQ
GLIIpUHQWVSRLQWVGXEDVVLQPDLVDXVVLXQHH[SHUWLVHSUpFLHXVHGDQV O¶pODERUDWLRQGX UDLVRQQHPHQW
VFLHQWLILTXH
 
CHAPITRE 1 | Hydrométéorologie de l’Afrique de l’Ouest : Le Niger et le bief Ansongo-Niamey 
 
22 
 




)LJXUH%DVVLQWRSRJUDSKLTXHGXEDVVLQGX1LJHUDG¶DSUqV)HUU\HWDODLQVLTXHVD
UHSUpVHQWDWLRQVLPSOLILpH EG¶DSUqV'HVFURL[HWDO DYHF OHVDIIOXHQWVPDMHXUV OHV ]RQHV
DFWLYHVDLQVLTXHOHV]RQHVLQGXLVDQWOHVFUXHV*XLQpHHQHHW5RXJH
a) 
b) 
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 L’hydrologie du bassin du Niger2OLYU\$QGHUVHQHWDO)HUU\HWDO
/H1LJHUSHXWrWUHVpSDUpHQSOXVLHXUVHQWLWpVK\GURORJLTXHV)HUU\HWDOHQGLVWLQJXHQW
OH1LJHUVXSpULHXUOHGHOWDLQWpULHXUOH1LJHUPR\HQHWLQIpULHXUHWOHGHOWDPDULWLPH)LJXUH
/H1LJHUVXSpULHXUNPSUHQGVDVRXUFHVXUOHVKDXWVSODWHDX[JXLQpHQVGH)RXWD'MDOORQ
P6RQFRXUVVXLWODGLUHFWLRQ1RUG(VWDYHFOHVSOXVIRUWHVSHQWHVUHODWLYHPHQWIDLEOHHWGH
QRPEUHX[DIIOXHQWVHQWrWHGHEDVVLQ$SUqVODWUDYHUVpHGHODIURQWLqUHPDOLHQQHGHV]RQHVGHUDSLGHV
HWGHIDLEOHSHQWHVHVXFFqGHQWSXLVOHIOHXYHDWWHLQWXQHSODLQHSOXVFDOPHHQDPRQWGXGHOWDLQWpULHXU
/H1LJHU VXSpULHXUFRPSRUWHGHQRPEUHX[DIIOXHQWV HQSDUWLFXOLHU OH%DQL NPGRQW OD
FRQIOXHQFH VH VLWXH j'RXQD GHOWD LQWpULHXU/H1LJHU VXSpULHXU HVW VRXPLV j XQ FOLPDW WURSLFDO
KXPLGHDYHFGHVSUpFLSLWDWLRQVFRPSULVHVHQWUHHWPPGHSOXLHSDUDQ&HVIRUWVFXPXOV
DQQXHOVDVVRFLpVjXQUpVHDXGHGUDLQDJHGHQVHHWGHIRUWHVSHQWHVHQWrWHGHEDVVLQIRQWGX1LJHU
VXSpULHXUODSDUWLHODSOXVSURGXFWLYHGXIOHXYH/DSpULRGHGHKDXWHVHDX[FRwQFLGHDYHFODVDLVRQGHV
SOXLHVMXLQjRFWREUHHWODFUXHHVWFHQWUpHVXUOHPRLVGHVHSWHPEUH
/HGHOWDLQWpULHXUHVWXQHSDUWLFXODULWpGX1LJHUTXLLQIOXHQFHWRXWHODG\QDPLTXHGHFHIOHXYH2ULHQWp
VXGRXHVWQRUGHVWFHWWH]RQHV
pWHQGVXUNPHQWUH'RXQD¶1HW¶2HW7RPERXFWRX
HQYLURQ¶1HW2HWHQJOREHODUpJLRQGHVJUDQGVODFV'pER:DOODGRHW.RULHQW]H/HGHOWD
LQWpULHXUHVWXQHYDVWHSODLQHDOOXYLDOHIDLWHG¶XQHVpULHGHFXYHWWHVG
LQRQGDWLRQIRUPpHVSDUODFUXH
DQQXHOOHHWUHOLpHVSDUXQUpVHDXGHFKHQDX[/HVSDUWLHVDPRQWHWFHQWUDOHVRQWFRPSRVpHVGHYDVWHV
]RQHV LQRQGpHV DORUV TXH OD SDUWLH DYDO SUHQG XQH IRUPH GHOWDwTXH DYHF XQ UpVHDX K\GURORJLTXH
FRQGXLWSDUGHVVLOORQVLQWHUGXQDLUHV/HVDSSRUWVSULQFLSDX[SURYLHQQHQWGHODSURSDJDWLRQGHODFUXH
GX1LJHUVXSpULHXUTXLDUULYHGDQVOHGHOWDDXPRLVGHVHSWHPEUH/DWUqVIDLEOHSHQWHVXUO¶HQVHPEOH
GHFHELHIUDOHQWLWODFUXHHWFUpHOHGHOWDLQWpULHXU/
pODUJLVVHPHQWGHO
LQWHUIDFHHDXDWPRVSKqUHDLQVL
TXHOHFOLPDWVHPLDULGHGHFHWWHUpJLRQIDFLOLWHQWO
pYDSRUDWLRQGHVHDX[OLEUHVjWHOSRLQWTX
HQWUH
HWGHVDSSRUWVG
HDXUHWRXUQHQWjO
DWPRVSKqUH0DKpHWDO
$SUqVOHGHOWDLQWpULHXUOH1LJHUUHSUHQGXQFRXUVXQLTXHHWHQWUHGDQVVDSDUWLHGLWHPR\HQQH&HWWH
UpJLRQHVWFDUDFWpULVpHSDUXQUpVHDXK\GURORJLTXHG
RXHGVRXNRULVFDUDFWpULVpVSDUXQpFRXOHPHQW
VDLVRQQLHU HW G¶HUJV pWHQGXHV VDEOHXVHV VDQV RUJDQLVDWLRQ K\GURORJLTXH HW GRPLQpHV SDU XQ
UXLVVHOOHPHQWORFDOHQQDSSH/H1LJHUPR\HQSHXWrWUHVXEGLYLVpHQWURLVVHJPHQWVPDOLHQQLJpULHQ
HWEpQLQRQLJpULDQ/H1LJHUPR\HQPDOLHQHQWUH7RPERXFWRXHWODIURQWLqUHQLJpULHQQHFRUUHVSRQG
jODSDUWLHODSOXVVHSWHQWULRQDOHHWODSOXVDULGHGXEDVVLQGHjPPGHSOXLHSDUDQ/H1LJHU
Q
\UHoRLWDXFXQDIIOXHQWOHVFRQIOXHQFHVDYHFOHVYDOOpHVDGMDFHQWHVpWDQWREVWUXpHVSDUGHVGpS{WV
pROLHQV2OLYU\&
HVWLFLjODOLPLWHHQWUHXQFOLPDWVHPLDULGHHWDULGHDX[SRUWHVGXGpVHUW
TXH OH FRXUV GX 1LJHU GpFULW XQH ERXFOH SRXU UHGHVFHQGUH HQ GLUHFWLRQ GX VXGHVW YHUV$QVRQJR
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¶1¶(YHUVGHVUpJLRQVSOXVKXPLGHV$SUqVXQHVXFFHVVLRQGHUDSLGHVVLWXpVGHSDUWHW
G
DXWUHGHODIURQWLqUHHQWUHOH0DOLHWOH1LJHUOHIOHXYHHQWUHGDQVOHVHJPHQWQLJpULHQ,OUHoRLWDORUV
VHVSUHPLHUVDIIOXHQWVGHSXLVOH%DQLWRXVG
RULJLQHEXUNLQDEpH(QDPRQWGH1LDPH\OH*RURXROOH
'DUJROHW OD6LUED LQIOXHQFHQWIRUWHPHQW OHGpELWGX1LJHUPR\HQ(QDYDOGH1LDPH\WURLVDXWUHV
DIIOXHQWVUHMRLJQHQWOH1LJHU OH*RURXEL OH'LDPDQJRXHWOD7DSRD(QILQVXUOHVHJPHQWEpQLQR
QLJpULDQFRUUHVSRQGDQWj ODIURQWLqUHHQWUHOHVGHX[SD\V OH1LJHUUHoRLWWURLVSULQFLSDX[DIIOXHQWV
G
RULJLQHEpQLQRLVHOD0pNURXO
$OERULHW OD6RWD7RXVOHVDIIOXHQWVGX1LJHUPR\HQVRQWHQULYH
GURLWHDORUVTXHO
HQGRUpLVPHGRPLQHODULYHJDXFKH
$SUqVODIURQWLqUHQLJpULDQHOH1LJHULQIpULHXUHVWGHQRXYHDXVRXPLVjXQFOLPDWWURSLFDOKXPLGH&H
VHJPHQWUHoRLWG
LPSRUWDQWVDIIOXHQWVULYHJDXFKHOD6RNRWRLQWpJUpDX1LJHUPR\HQGDQVOD)LJXUH
DHWVXUWRXWOD%pQRXp$SUqVODFRQIOXHQFHDYHFOD%pQRXpj/RNRMDOH1LJHUQHUHoRLWSOXVTXH
GHVSHWLWVDIIOXHQWVVXUXQHFHQWDLQHGHNLORPqWUHV3XLVOHIOHXYHVHWUDQVIRUPHSURJUHVVLYHPHQWHQ
XQYDVWHGHOWDPDULWLPHG
XQHVXSHUILFLHGHNPSRXUVHMHWHUGDQVO
RFpDQ$WODQWLTXH

 Saisonnalité de l’hydrologie du Niger : crues Rouge et Guinéenne  (Millot, 1913, 
Pradé 1933, Descroix et al. 2012, Sighomnou et al. 2013) 
/DVDLVRQQDOLWpGXGpELWGX1LJHUGpSHQGGHGHX[SKpQRPqQHVG¶RULJLQHGLIIpUHQWHODFUXH
5RXJHHWODFUXH*XLQpHQQH/DFUXH*XLQpHQQHDXVVLQRPPpH2ULHQWDOHRXHQFRUH1RLUHHQ=DUPD
6RQJKDwGDQVODUpJLRQGX*RXUPDWLUHVRQQRPGHVRQRULJLQHHWSURYLHQWGHODPRQWpHGHVHDX[TXL
VXLWOHVIRUWHVSUpFLSLWDWLRQVGHODPRXVVRQHQDPRQWGXEDVVLQGDQVOH1LJHUVXSpULHXU)LJXUHE
]RQH'DQVOH1LJHUVXSpULHXUFHWWHFUXHHVWFHQWUpHVXUODVDLVRQGHVSOXLHVHWDWWHLQWVRQSLFDX
PRLVGHVHSWHPEUH)LJXUHD/DSURSDJDWLRQGHO¶RQGHGHFUXHYHUVOHVUpJLRQVDYDOHVWHQVXLWH
UDOHQWLHSDUO¶HIIHWWDPSRQGXGHOWDLQWpULHXUGX1LJHU/DFUXH*XLQpHQQHQHSDUYLHQWDORUVGDQVOD
UpJLRQGX1LJHUPR\HQTX¶DSUqVODVDLVRQGHVSOXLHVROHSLFHVWDWWHLQWDXPRLVGHGpFHPEUH)LJXUH
EHWF6XUOHVVHJPHQWVQLJpULHQHWEpQLQRQLJpULDQGX1LJHUPR\HQXQHFUXHVXUYLHQWDYDQW
O¶DUULYpHGHODFUXH*XLQpHQQHSHQGDQWODVDLVRQGHVSOXLHVHQWUHMXLQHWRFWREUH)LJXUHF&HWWH
FUXHSURYLHQWGHVFRQWULEXWLRQVORFDOHVHQSDUWLFXOLHUGHVDIIOXHQWVULYHGURLWH)LJXUHE]RQH
TXL GUDLQHQW OHV SOXLHV HW LQGXLVHQW XQH DXJPHQWDWLRQ GX GpELW GX FRXUV PDMHXU /HV DIIOXHQWV
EXUNLQDEpV±OH*RURXRO OH'DUJROHW OD6LUED±GpFOHQFKHQWFHWWHFUXHSXLV OHVDIIOXHQWVEpQLQRLV
YLHQQHQWODUHQIRUFHU&HSKpQRPqQHHVWQRPPpFUXH5RXJHjFDXVHGHODFRXOHXUGHVHDX[jFHWWH
SpULRGHHQJHQGUpHSDUODFKDUJHVpGLPHQWDLUHSURYHQDQWGHVpFRXOHPHQWVEXUNLQDEpVULFKHVHQR[\GH
GH IHU(Q MXLQ OHV VHXOHV YDULDWLRQVGXGpELWGX1LJHUPR\HQDYDO VHJPHQWVQLJpULHQHWEpQLQR
QLJpULHQVRQWGXHVDX[DSSRUWVORFDX[GHVSUHPLqUHVSOXLHV$SDUWLUGHMXLOOHWFHVDSSRUWVDXJPHQWHQW
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DYHFO¶LQWHQVLILFDWLRQGHVSUpFLSLWDWLRQVHWV¶DMRXWHQWjO¶DXJPHQWDWLRQSURJUHVVLYHGXGpELWHQJHQGUp
SDUOHGpEXWGHO¶DUULYpHGHODFUXH*XLQpHQQH-XVTX¶jODILQGHODVDLVRQGHVSOXLHVFHVGHX[DSSRUWV
VHVXSHUSRVHQW$SUqVODVDLVRQGHVSOXLHVVHXOVOHVDSSRUWVDPRQWGHODFUXH*XLQpHQQHLQIOXHQFHQW
OHUpJLPHK\GURORJLTXHGX1LJHU3OXVHQDYDO OH1LJHU LQIpULHXUUHoRLWG¶LPSRUWDQWDIIOXHQWVULYH
JDXFKHDOLPHQWpVSDUGHVUpJLRQVSOXVKXPLGHV$/RNRMDjODFRQIOXHQFHGHOD%pQRXpHWGX1LJHU
OHV GpELWV VRQW MXVTX¶j  IRLV SOXV LPSRUWDQWV TXH GDQV OH 1LJHU PR\HQ DYHF XQ GpELW G¶pWLDJH
GpSDVVDQWPV)LJXUHG



)LJXUH    'pELW GX 1LJHU HQ  DQQpH K\GURORJLTXH  SRXU OHV VWDWLRQV
K\GURORJLTXHV GH .RXOLNRUR D 1LJHU VXSpULHXU$QVRQJR E 1LJHU PR\HQ VHJPHQW PDOLHQ
1LDPH\F1LJHUPR\HQVHJPHQWQLJpULHQHW/RNRMDG1LJHULQIpULHXU


a) b) 
c) d) 
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 Le climat du bassin du Niger 
 La Mousson Ouest Africaine : origine et dynamique 
/DG\QDPLTXHGXFOLPDWGXEDVVLQGX1LJHUFRPPHGDQVO¶HQVHPEOHGHO¶$IULTXHGHO¶2XHVW
HVWLQVXIIOpHSDUOD0RXVVRQ2XHVW$IULFDLQH0$2TXLGpWHUPLQHODVDLVRQGHVSOXLHVHWSURGXLW
O¶HQVHPEOH GX FXPXO DQQXHO GH SUpFLSLWDWLRQV /H SURMHW$00$ D HX SRXU EXW G¶DPpOLRUHU OD
FRQQDLVVDQFHGHO¶HQVHPEOHGHVFRPSRVDQWHVGHODG\QDPLTXHGHOD0$2-DQLFRWHWDO*UkFH
jFHSURMHWXQQRXYHDXVFKpPDGHVDG\QDPLTXHDWPRVSKpULTXHDYXOHMRXU/DIRUHHWDO,FL
XQHGHVFULSWLRQVXFFLQFWHGHOD0$2HVWGUHVVpHPDLVSOXVGHGpWDLOVVRQWGLVSRQLEOHVGDQVOHQXPpUR
VSpFLDO$00$GHODUHYXH0pWpRURORJLHHQSDUWLFXOLHUFRQFHUQDQWVDYDULDELOLWp)RQWDLQHHW
DORXVXUOHU{OHGHVUpWURDFWLRQVVRODWPRVSKqUHV*XLFKDUGHWDO
&RPPH ODPRXVVRQ LQGLHQQH OD0$2WURXYHVRQRULJLQHGDQV OHVFRQWUDVWHVVDLVRQQLHUVHQWUHOHV
VXUIDFHV RFpDQLTXHV HW FRQWLQHQWDOHV /D G\QDPLTXH GHV PRXVVRQV HQ ]RQH WURSLFDOH GpSHQG GHV
RVFLOODWLRQV VDLVRQQLqUHV GH OD =RQH GH &RQYHUJHQFH ,QWHU7URSLFDOH =&,7 &HWWH ]RQH GH
FRQYHUJHQFHGHPDVVHVG¶DLUFKDXGHVYHQXHVGX6DKDUDHWGHPDVVHVG¶DLUKXPLGHVYHQXHVGX6XG
FRQFHQWUHOHVSUpFLSLWDWLRQV/DVDLVRQGHVSOXLHVV¶LQVWDOOHSURJUHVVLYHPHQWHQ$IULTXHGHO¶2XHVWDX
U\WKPHGH ODPRQWpHYHUV OH1RUGGHOD=&,7SXLVGHVDUpJUHVVLRQYHUV OHV ODWLWXGHV EDVVHV,OHQ
UpVXOWHXQHGRXEOHVDLVRQGHVSOXLHVGDQVODSDUWLHF{WLqUHXQGRXEOHSLFVDLVRQHQ©0ªGDQVOD
]RQHLQWHUPpGLDLUHGLWHVRXVFOLPDWVRXGDQLHQODWLWXGHVHQYLURQHWXQHVDLVRQXQLTXHHQ
UpJLRQ VDKpOLHQQH SOXV DX QRUG /RUVTXH OD 0RXVVRQ HVW LQVWDOOpH DX 6DKHO O¶HVVHQWLHO GHV
SUpFLSLWDWLRQV HVW DSSRUWp SDU GHV V\VWqPHV FRQYHFWLIV G¶RULJLQH FRQWLQHQWDOH VH GpSODoDQW
PDMRULWDLUHPHQWG¶(VWHQ2XHVW/DXUHQWHWDO0DWKRQHWDO

 Systèmes Convectifs de Méso-échelle 
$VVRFLpVjXQHUDSLGHDVFHQVLRQGHPDVVHG¶DLUFKDXGOHVQXDJHVFRQYHFWLIVHQ]RQHWURSLFDOH
V¶DJUqJHQWHWV¶RUJDQLVHQWHQV\VWqPHQXDJHX[SRXUIRUPHUOHV6\VWqPHV&RQYHFWLIVGH0pVRpFKHOOH
0&6/HV0&6SHXYHQWSUHQGUHGHVIRUPHVGLIIpUHQWHVHQIRQFWLRQGHOHXUWDLOOHGHOHXUQLYHDX
G¶RUJDQLVDWLRQHWGHOHXUV\PpWULHOLQpDLUHRXFLUFXODLUH+RX]HHWGpILQLWVLPSOHPHQW
OHV0&6FRPPHXQV\VWqPHQXDJHX[TXLSURGXLWXQHDLUHGHSUpFLSLWDWLRQFRQWLJXsG¶DXPRLQVNP
GDQVDXPRLQVXQHGLUHFWLRQ KRUL]RQWDOH0DOJUp OHVGLIIpUHQWHV IRUPHVTXHSUHQQHQW OHV0&6 OD
FRQYHFWLRQDXVHLQGHFHVV\VWqPHVV¶RUJDQLVHVRXYHQWHQXQHOLJQHGHJUDLQFRQYHFWLYHDUTXpHTXLVH
GpSODFH UDSLGHPHQWHWTXLHVW VXLYLHSDUXQHSDUWLH VWUDWLIRUPHPRLQV LQWHQVH +RX]H
)LJXUH/HV0&6VDKpOLHQVRQWpWppWXGLpVSDUGHQRPEUHX[DXWHXUV(OGULGJH5RZHOOHW
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0LOIRUG/LDQJHW)ULWVFK'¶$PDWRHW/HEHO/DXUHQWHWDO0DWKRQHW/DXUHQW
0DWKRQHWDOSHUPHWWDQWHQWUHDXWUHVG¶LGHQWLILHUOHXUG\QDPLTXHHWOHXUFRQWULEXWLRQDX
FXPXODQQXHOGHVSUpFLSLWDWLRQV/HV0&6VDKpOLHQVV¶RUJDQLVHQWVRXYHQWHQOLJQHVGHJUDLQRULHQWpHV
QRUGVXGHWVHGpSODFHQWUDSLGHPHQWYHUV O¶RXHVWVXGRXHVW3RXUXQSRLQWGDQV O¶HVSDFHDXGHVVXV
GXTXHOXQ0&6GHW\SHOLQpDLUHSDVVHOHVSUpFLSLWDWLRQVDVVRFLpHVjODFRQYHFWLRQGXUHQWXQHDLQH
GH PLQXWHV OHV SOXV LQWHQVHV WRPEHQW SHQGDQW OHV SUHPLqUHV  PLQXWHV OHV SUpFLSLWDWLRQV
VWUDWLIRUPHVjO¶DUULqUHGHODOLJQHGHJUDLQVRQWSOXVKRPRJqQHVPRLQVLQWHQVHVHWGXUHQWTXHOTXHV
KHXUHV(OGULGJH5RZHOOHW0LOIRUG(Q$IULTXHOHV0&6VRQWUHVSRQVDEOHVGHj
GHVSUpFLSLWDWLRQVDX6DKHOHQIRQFWLRQGHOD ODWLWXGHFRQVLGpUpH/DXUHQWHWDO0DWKRQHWDO
/HEHOHWDO/HVV\VWqPHVOHVSOXVHIILFLHQWVHQWHUPHVGHSURGXFWLRQGHSUpFLSLWDWLRQVHW
GHFRQWULEXWLRQDXFXPXOVDLVRQQLHUVRQWOHV0&6OHVSOXVJUDQGV/LDQJHW)ULWVFK'¶$PDWR
HW/HEHO/DXUHQWHWDO0DWKRQHWDO±&RPSOH[HV&RQYHFWLIVGH0pVRFKHOOH0&&
0DGGR[HW6\VWqPHV&RQYHFWLIV2UJDQLVpV2&&0DWKRQHWDO±GXF°XUGHODVDLVRQ
GHVSOXLHV'¶$PDWRHW/HEHO&HVODUJHVV\VWqPHVSHXYHQWDWWHLQGUHGHVVXUIDFHVVXSpULHXUHV
jNP OHXUF\FOHGHYLHPR\HQHVWFRPSULVHQWUHHWK0DWKRQHW/DXUHQWHWOH
FXPXOGHSOXLHHVWHQPR\HQQHGHPP'¶$PDWRHW/HEHO0DWKRQHWDO

/HVFDUDFWpULVWLTXHVGHV0&6pQRQFpHVSUpFpGHPPHQWHQJHQGUHQWGHVFKDPSVGHSOXLH LQWHQVHHW
YDULDEOH VSDWLRWHPSRUHOOHPHQW &HV SUpFLSLWDWLRQV QH VRQW SDV VDQV FRQVpTXHQFHV VXU OD UpSRQVH
K\GURORJLTXHGHVEDVVLQVTX¶HOOHVDOLPHQWHQWSXLVTXHGLIIpUHQWVSURFHVVXVGHUXLVVHOOHPHQWSHXYHQW
DYRLUOLHXHQIRQFWLRQGHO¶LQWHQVLWpGHVSUpFLSLWDWLRQVHWGHVFDUDFWpULVWLTXHVGHVVROVVXUOHVTXHOVHOOHV

 
)LJXUH,OOXVWUDWLRQGHV0&6RXHVWDIULFDLQVYXj1LDPH\SDUOHUDGDU;3257G¶DSUqV.DFRX
HWDX1LJHUHQFRXUWRLVLHGH)*XLFKDUG
a) b) 
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WRPEHQW/¶HVWLPDWLRQSUpFLVHGHVFDUDFWpULVWLTXHVGHVSUpFLSLWDWLRQVHQWHUPHVG¶LQWHQVLWp
HWGHUpSDUWLWLRQVSDWLRWHPSRUHOOHSRXUGHVDSSOLFDWLRQVK\GURORJLTXHFRQVWLWXHGRQFXQFKDOOHQJH
6L OHVPHVXUHV VDWHOOLWHVSHUPHWWHQWG¶REWHQLUXQHERQQHFRXYHUWXUH VSDWLDOH UHVWHj VDYRLU VL OHXU
UpVROXWLRQ VSDWLRWHPSRUHOOH HW O¶DOJRULWKPLH GpYHORSSpH SRXU O¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV VRQW
DVVH]SUpFLVSRXUrWUHXWLOLVpVHQK\GURORJLHFKDSLWUH

 Evolution du climat 
1DULVPDHWDORQWPLVHQpYLGHQFHODYXOQpUDELOLWpGHV]RQHVDULGHVHWVHPLDULGHVTXL
RQWFRQQXSHQGDQWOHqPHVLqFOHGHVGLPLQXWLRQVDEUXSWHVHWGXUDEOHVGHVSUpFLSLWDWLRQVGDQVXQH
DLQHGHUpJLRQVGXPRQGHGRQWOH6DKHO$YDQWOHVDQQpHVSOXVLHXUVpWXGHV/¶+{WHHWDO
1LFKROVRQ HW DO  PRQWUHQW XQH DOWHUQDQFH DOpDWRLUH G¶DQQpHV VqFKHV HW KXPLGHV DYHF GHX[
VpFKHUHVVHVGDQVOHVDQQpHVHWOHVDQQpHV6LUFRXORQ/¶+{WHHWDO1LFKROVRQ
HWDO'HQRPEUHXVHVpWXGHV /DPE/H%DUEp HW/HEHO1LFKROVRQHWDO
&DPEHUOLQHWDO/H%DUEpHWDO/¶+{WHHWDO'DLHWDO/HEHOHW$OL
3DQWKRXHWDORQWPRQWUpTX¶DSUqVODSpULRGHKXPLGHGHVDQQpHVHWOH6DKHOHVWHQWUp
GDQVXQHDLUHGHVpFKHUHVVHSOXVSUpFLVpPHQWHQ 6LUFRXORQ/H%DUEp HW/HEHO
/¶+{WH HW DO  /HV DQQpHV  HW  VRQW FDUDFWpULVpHV SDU XQ GpILFLW SOXYLRPpWULTXH
JpQpUDOLVpj O¶HQVHPEOHGX6DKHOSDUWLFXOLqUHPHQWVpYqUHSHQGDQW OHVDQQpHVHW
&HWWH VpFKHUHVVH TXL D VpYL DX 6DKHO SHQGDQW OHV DQQpHV  HW  HVW LQFRQWHVWDEOHPHQW OH
ERXOHYHUVHPHQWFOLPDWLTXHGXqPHVLqFOHOHSOXVLPSRUWDQWGX6DKHOYRLUHGXJOREH/¶+{WHHWDO
'LDHWDO/D)LJXUHG¶DSUqV/HEHOHW$OLLOOXVWUHO¶pYROXWLRQGHVLVRK\qWHV
HQWUHOHVDQQpHVHWPDUTXpHSDUXQIRUWUHFXOJpQpUDOYHUVOHVXGPDLVYDULDEOH
VHORQODORQJLWXGH'DQVOH6DKHO&HQWUDO(VWOHGpILFLWSOXYLRPpWULTXHPR\HQV¶pOqYHj2
(HW113DQWKRXHWDOHWSHXWGpSDVVHUORFDOHPHQW2(HW11
/H%DUEpHW/HEHO&¶HVW ODGLPLQXWLRQGHVpYqQHPHQWVSOXYLHX[OHVSOXVHIILFLHQWV0&&HW
2&&GXF°XUGHODVDLVRQGHVSOXLHVTXLH[SOLTXHODFKXWHGXFXPXODQQXHODORUVTXHODPR\HQQH
GHSURGXFWLRQGHVpYqQHPHQWVHWODORQJXHXUGHODVDLVRQGHVSOXLHVUHVWHQWVWDEOHV/H%DUEpHWDO
'¶$PDWRHW/HEHO/H%DUEpHWDO/HEHOHWDO/HEHOHW9LVFKHO/HEHO
HW$OL3DQWKRXHW DO'HjQRV MRXUV MXVTX¶HQSDU1LFKROVRQHWDO
MXVTX¶HQSDU/¶+{WHHWDOMXVTX¶HQSDU'LDHWDOMXVTX¶HQSDU/HEHOHW
$OLHWGHUQLqUHDFWXDOLVDWLRQMXVTX¶jSDU3DQWKRXHWDOXQHUHSULVHGHVSUpFLSLWDWLRQV
V¶HVW DPRUFpH GHPDQLqUH KpWpURJqQH VXU OD EDQGH 6DKpOLHQQH$ORUV TX¶j O¶RXHVW OD VpFKHUHVVH D
SHUVLVWpOHGpILFLWSOXYLRPpWULTXHGX6DKHO&HQWUDO(VWDGLPLQXp/¶+{WHHWDO'LDHWDO
CHAPITRE 1 | Hydrométéorologie de l’Afrique de l’Ouest : Le Niger et le bief Ansongo-Niamey 
 
29 
 
/HEHOHW$OL3DQWKRXHWDOHW)LJXUH(QPR\HQQH OHVFXPXOVDQQXHOVQ¶RQWSDV
UHWURXYp OHVYDOHXUVGH ODSpULRGHKXPLGHGHVDQQpHV HWPDLVFHUWDLQHVDQQpHV OHVRQW
DWWHLQWVRXGpSDVVpV/¶+{WHHWDOHW'LDHWDO3DQWKRXHWDO
'HSXLVODYDULDWLRQLQWHUDQQXHOOHGHVFXPXOVVDLVRQQLHUVHVWSOXVLPSRUWDQWH'LDHWDOHW
OHV SOXLHV VHPEOHQW V¶LQWHQVLILHU )UDSSDUW HW DO 3DQWKRX HW DO  (Q FRPSDUDLVRQ j OD
SpULRGH  OHV SpULRGHV  HW SUpVHQWHQW UHVSHFWLYHPHQW XQ GpILFLW GX
FXPXODQQXHOGHHWGHMRXUVSOXYLHX[GHHWHWGXQRPEUHG¶pYqQHPHQWH[WUrPH
GHHW3DQWKRXHWDO/HVSOXLHVWRWDOHVGHDSpULRGHELHQTXHWRXMRXUV
GpILFLWDLUHVSDUUDSSRUWjODSpULRGHRQWDXJPHQWpGXIDLWGHODSOXVJUDQGHIUpTXHQFH
GHVpYqQHPHQWVH[WUrPHV

&HVFKDQJHPHQWVUpFHQWVFRUUHVSRQGHQWjFHTXLHVWDWWHQGXGHO¶LPSDFWGXUpFKDXIIHPHQWFOLPDWLTXH
LQWHQVLWp K\GURFOLPDWLTXH GpFULWH SDU*LRUJL HWDO  6L OHV HIIHWV UpHOV GX FKDQJHPHQW VRQW
HQFRUHGpEDWWXV&DPEHUOLQHWDO'LDHWDO*LRUJLHWDOLOHVWDXVVLLPSRUWDQWGH
VH SHQFKHU VXU OHXUV FRQVpTXHQFHV DX VHLQ GHV EDVVLQV YHUVDQWV HW OHXUV LPSDFWV VXU OD UpSRQVH
K\GURORJLTXH
)LJXUH,OOXVWUDWLRQGHVYDULDWLRQVSOXYLRPpWULTXHVDX6DKHOG¶$IULTXHGHO¶2XHVWHQWUH
HW/DILJXUHD UHSUpVHQWH OHV LVRK\qWHVGHV SpULRGHV OLJQHVQRLUHV FRQWLQXHV
OLJQHVHQWLUHWVURXJHVHWpFKHOOHGHJULV/HVILJXUHVEFHWGUHSUpVHQWHQW
OHVDQRPDOLHVSOXYLRPpWULTXHVGHVWURLVERvWHVUHSUpVHQWpHVGDQVODILJXUHDERvWHJDXFKH
j2ERvWHFHQWUDOHj2HWERvWHGURLWHj(&HVILJXUHVVRQWH[WUDLWHVGHVWUDYDX[
GH/HEHOHW$OL
a) 
b) c) d) 
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  Inondations, l’autre danger du Sahel 
 Terminologie 
/HEDVVLQGX1LJHUpWDQWVRXPLVDXUpJLPHGHODPRXVVRQDIULFDLQHOHVSpULRGHVGHEDVVHVHW
KDXWHVHDX[VRQWWUqVPDUTXpHVDYHFGHVYDULDWLRQVGHKDXWHXUHWGHODUJHXUGHOLWWUqVLPSRUWDQWHV
/DSpULRGHGHKDXWHVHDX[HVWJpQpUDOHPHQWQRPPpHFUXH'DQVFHPDQXVFULW OHWHUPH©FUXHªHVW
GRQFXWLOLVpSRXUODSpULRGHGHKDXWHVHDX[HWOHWHUPH©LQRQGDWLRQªHVWUpVHUYpH[FOXVLYHPHQWDX[
FDVROHGpELWGpSDVVHXQVHXLOIL[pSDUO¶$%1DXGHVVXVGXTXHOOHIOHXYHGpERUGHGHVRQOLWPDMHXU
'DQV FHV WUDYDX[ OHV HIIRUWV VH FRQFHQWUHQW VXU OHV LQRQGDWLRQV IOXYLDOHVPDLV LO HVW LPSRUWDQW GH
JDUGHUjO¶HVSULWTXHOHVLQRQGDWLRQVSOXYLDOHVVRQWDXVVLj O¶RULJLQHGHQRPEUHXVHVFDWDVWURSKHVDX
6DKHO

 Vulnérabilité face aux inondations  
6L OHV VpFKHUHVVHV TXL IUDSSHQW O¶$IULTXH GH O¶2XHVW VRQW OD FDXVH G¶XQH JUDQGH LQVpFXULWp
DOLPHQWDLUHSHUWHVGHUpFROWHVWURXSHDX[GpFLPpV OHV LQRQGDWLRQVVRQWDXVVLXQ IDFWHXUGHULVTXH
LPSRUWDQWGDQVFHWWHUpJLRQ7DUKXOHDUHFHQVpDXWUDYHUVGHODSUHVVHORFDOHpYqQHPHQWV
G¶LQRQGDWLRQVHQWUHHWpJDOHPHQWUpSDUWLVVXUFKDFXQHGHVGpFHQQLHV'HSXLVOHVDQQpHV
O¶2&+$2IILFHIRUWKH&RRUGLQDWLRQRI+XPDQLWDULDQ$IIDLUVDHQUHJLVWUpOHVGpVDVWUHVOLpV
DX[LQRQGDWLRQVKWWSUHOLHIZHELQW&HVpYqQHPHQWVVRQWSDUWLFXOLqUHPHQWFRQFHQWUpVVXUOHVDQQpHV
4X¶HOOHVVRLHQWSOXYLDOHVRXIOXYLDOHVFHVLQRQGDWLRQVHQJHQGUHQWV\VWpPDWLTXHPHQWGHVSHUWHV
KXPDLQHVDJULFROHVHWPDWpULHOOHV GUDPDWLTXHV5pFHPPHQW VXLWHjXQpSLVRGHGHSOXLHV LQWHQVHV
SHQGDQWODPRXVVRQOH1LJHUSD\VDpWpWRXFKpSDUGHQRPEUHXVHVLQRQGDWLRQVjSUR[LPLWpGX
IOHXYHj1LDPH\)LJXUHHWGDQVGHVUpJLRQVpORLJQpHVGXFRXUVSULQFLSDO(QVHSWHPEUH
O¶2&+$ pYDOXDLW j   OH QRPEUH GH VLQLVWUpV HW GpQRPEUDLW  GpFqV VXLWH j FHW pSLVRGH
G¶LQRQGDWLRQ(QSOXVGHVGpJkWVHWGHVSHUWHVPDWpULHOOHVFHVLQRQGDWLRQVRQWFDXVpODSHUWHG¶XQH
SDUWLH GHV UpFROWHV DJULFROHV HW HQJHQGUp XQH FULVH VDQLWDLUH DYHF XQH UHFUXGHVFHQFH GHV FDV GH
SDOXGLVPH HW XQH pSLGpPLH GH FKROpUD 2&+$ $&7('2;)$0  /HV pYqQHPHQWV
G¶LQRQGDWLRQVIOXYLDOHVOHVSOXVJUDYHVUHFHQVpVVXUOH1LJHUPR\HQVRQWV\VWpPDWLTXHPHQWOLpVjOD
PRQWpHGHVHDX[UDSLGHHWSHXSUpYLVLEOHGHODFUXH5RXJH/HVV\VWqPHVGHVXLYLGpELWGpELWQHVRQW
SDV DGDSWpV SRXU OH VXLYL GH FH SKpQRPqQH HQJHQGUp SDU OHV SOXLHV GH PRXVVRQ GUDLQpHV SDU OHV
DIIOXHQWVORFDX[jUpJLPHWRUUHQWLHO


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/DYXOQpUDELOLWpGHVSRSXODWLRQVIDFHjDX[LQRQGDWLRQVHVWOLpHjGHVIDFWHXUVDQWKURSLTXHV7DUKXOH
OHGpYHORSSHPHQWUDSLGHGHODSRSXODWLRQXUEDLQHDLQVLTXHOHPDQTXHGHV\VWqPHG¶DODUPH
SDUWLFLSHQW O¶DXJPHQWDWLRQ GH FHWWH YXOQpUDELOLWp /H ULVTXH LQRQGDWLRQ UpVXOWDQW G¶XQH SDUW GH OD
YXOQpUDELOLWp HW G¶DXWUH SDUW GH O¶DOpD LO HVW DXVVL LPSRUWDQW GH FRPSUHQGUH OH U{OH GHV YDULDWLRQV
FOLPDWLTXHpQRQFpHVGDQVOHSDUDJUDSKHSUpFpGHQWDILQG¶pYDOXHUHWGHSUpYRLUFHULVTXH(QSDUWLFXOLHU
TXHOOH HVW O¶pYROXWLRQ GH OD UpSRQVH K\GURORJLTXH DX[ YDULDWLRQV HW j O¶LQWHQVLILFDWLRQ GHV
SUpFLSLWDWLRQV"(WTXHOULVTXHUpVXOWHGHFHWWHUpSRQVH"


3DUODVXLWHFHVWUDYDX[VHFRQFHQWUHQWVXUOHVRXVEDVVLQGUDLQDQWOHVSUpFLSLWDWLRQVjO¶RULJLQHGHOD
FUXH5RXJHj1LDPH\OHEDVVLQGXELHI$QVRQJR1LDPH\&HWWHpWXGHFLEOpHDSRXUEXWG¶DPpOLRUHU
ODFRPSUpKHQVLRQHW OH VXLYLGHVFDXVHVGHFHSKpQRPqQHGHFUXH5RXJHHWG¶pYDOXHU OHSRWHQWLHO
G¶XQH DSSURFKH EDVpH VXU O¶XWLOLVDWLRQ GH SURGXLWV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV VDWHOOLWH SRXU
VLPXOHUOHGpELWGX1LJHUj1LDPH\



 
)LJXUH,QRQGDWLRQj1LDPH\HQVRXUFH$%1%$7DQLPRXQjJDXFKHYXHDpULHQQH
jJDXFKHSULVHVGHYXHDXF°XUGHODYLOOHHQEDVjGURLWHSRQWTXDVLPHQWVXEPHUJpSDUOHVIORWV
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 Le bassin du bief Ansongo-Niamey 
 
 
 

)LJXUH&DUWHGXEDVVLQGX1LJHUHQKDXWjJDXFKHHW]RRPVXUOHEDVVLQGXELHI$QVRQJR
1LDPH\HQEDVjGURLWHROHVSULQFLSDX[EDVVLQVFRQWULEXWHXUVjODFUXH5RXJHVRQWGpOLPLWpV
HQURXJH*RURXRO'DUJROHW6LUED&DUWHUpDOLVpHSDU&&DVVpHW/*DOjSDUWLUGHVEDVHV
GHGRQQpHVGHOD6,(5(0HWGHOD12$$


)LJXUH3D\VDJHVGHODULYHGURLWHGXELHI$QVRQJR1LDPH\
FRXUWRLVLHGH-39DQGHUYDHUH
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 Contexte : paysage hydrologique du bassin du bief Ansongo-Niamey 
 Hydrogéologie 
/RQJGHNP OHELHI$QVRQJR1LDPH\ )LJXUHDSSDUWLHQWDX1LJHU0R\HQHWj OD
SDUWLH VXG GH OD EDQGH6DKpOLHQQH FDUDFWpULVpH SDU XQ FOLPDW VHPLDULGH/¶DOWLWXGH GX EDVVLQ HVW
FRPSULVHHQWUHHWPHWH[FHSWpGDQVOHVWrWHVGHEDVVLQGHVDIIOXHQWVOHVSHQWHVVRQWDVVH]
IDLEOHV%UXQHW0RUHWHWDO'HVFURL[HWDO'HSDUWHWG¶DXWUHGHODULYHOHSD\VDJHHVW
FRPSRVpG
XQHODUJHYDOOpHRV
pFRXOHOHIOHXYHDXOLWVRXYHQWIRUPpGHSOXVLHXUVEUDVHWG¶vORWVHW
VXUSORPEpHSDUGHVSODWHDX[GHJUqVVXUPRQWpVG¶XQHFXLUDVVHODWpULWLTXH*ULPDXG/HSUHPLHU
WLHUVGXELHIFRPSRUWHSOXVLHXUVUDSLGHV3XLVOHIOHXYHV
DVVDJLWHQHQWUDQWGDQVXQHODUJHYDOOpHRLO
UHoRLWVXFFHVVLYHPHQWVHVWURLVDIIOXHQWVULYHGURLWHjO¶RXHVWOH*RURXRONPOH'DUJRO
NPHWOD6LUEDNP%UXQHW0RUHWHWDO0DKpHWDO'DQVOHXUVSDUWLHV
DPRQWFHVEDVVLQVUHSRVHQWVXUXQVRFOHSUpFDPEULHQJUDQLWHVHWVFKLVWHVHWVRQWVRXYHQWFXLUDVVpV
SDUODWpULVDWLRQ2OLYU\SOXVHQDYDO LOVUHSRVHQWVXUGHVFRXFKHVVpGLPHQWDLUHV&HVWHUUDLQV
DQFLHQVVRQWLPSHUPpDEOHVVDXIHQFDVGHIUDFWXUDWLRQPDLVGHVQDSSHVVXSHUILFLHOOHVORFDOHVSHXYHQW
H[LVWHUVXUOHVWHUUDLQVG¶DOWpUDWLRQRXGDQVOHVEDVIRQGVHWOHVIRQGVGHPDUHV6XUFHVDIIOXHQWVOH
UpVHDXK\GURORJLTXHHVWWHPSRUDLUHHWIDLEOHPHQWRUJDQLVp/HVFRXUVG¶HDXVHPLSHUPDQHQWVRXNRULV
)LJXUHVRQWDFWLIVXQLTXHPHQWSHQGDQWODVDLVRQGHVSOXLHV0LOORW'HVFURL[HWDO
$SUqVOHVWrWHVGHEDVVLQUHODWLYHPHQWSHQWXHVOHVHDX[DWWHLJQHQWODSODLQHROHUpVHDXK\GURORJLTXH
SOXW{WGpJUDGpV¶RUJDQLVHHQXQHVXFFHVVLRQGHPDUHVFRQQHFWpHVHQWUHHOOHVHWILQDOHPHQWFRQQHFWpHV
DXFRXUVSULQFLSDOGX1LJHUDXQLYHDXGHVH[XWRLUHV&HVDIIOXHQWVSULQFLSDX[DLQVLTXHG¶DXWUHVNRULV
PRLQVLPSRUWDQWVUpFROWHQWOHVSOXLHVSHQGDQWODPRXVVRQHWFRQVWLWXHQWXQDSSRUWSRXUOH1LJHUSOXV
RXPRLQVLPSRUWDQWHQIRQFWLRQGHO¶pSRTXHFRQVLGpUpH
/DULYHJDXFKHjO¶HVWFRUUHVSRQGPDMRULWDLUHPHQWjXQEDVVLQVpGLPHQWDLUHROHVGpS{WV
GDWDQWGHO
pRFqQHDXSOLRFqQH IRUPHQWOH&RQWLQHQWDO7HUPLQDO,OV
DJLWG
XQDTXLIqUH OLEUHGRQW OD
QDSSHSKUpDWLTXHV
pWHQGVXUNP%RXFKHUHWDOHWTXLFRQVWLWXHODSOXVLPSRUWDQWH
UHVVRXUFH HQ HDX VRXWHUUDLQH GX EDVVLQ GX 1LJHU 2OLYU\  /D ULYH JDXFKH HVW GRPLQpH SDU
O¶HQGRUpLVPHROHUpVHDXGHGUDLQDJHDOLPHQWHGHVPDUHVSOXVRXPRLQVJUDQGHVVXUOHVSODWHDX[HW
GDQVOHVEDVIRQGVGHYDOOpHV
 
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
 Processus hydrologiques  
$X6DKHOOHSDUWLWLRQQHPHQWHQWUHLQILOWUDWLRQHWUXLVVHOOHPHQWHVWGLULJpSDUOHVFRQGLWLRQVGH
VXUIDFHSOXW{WTXHSDUOHVROSURIRQG&ROOLQHWHW9DOHQWLQ$OEHUJHOHWDO+RRJPRHGHW
6WURRVQLMGHU  XQH UHYXH GDQV &D]HQDYH HW9DOHQWLQ  &D]HQDYH HW9DOHQWLQ  /HV
IDFWHXUV GH OD VXUIDFH OHV SOXV LPSRUWDQWV VRQW O¶HQFURWHPHQW OD FRXYHUWXUH YpJpWDOH O
DFWLYLWp
IDXQLTXH OD UXJRVLWp GH OD VXUIDFH OD SRURVLWp YpVLFXODLUH HW OD WH[WXUH GX VRO OHV WURLV SUHPLHUV
H[SOLTXDQWGHODYDULDQFHGXWDX[G¶LQILOWUDWLRQ&D]HQDYHHW9DOHQWLQ/HVFRQGLWLRQVGH
VXUIDFH VDKpOLHQQHV GpFULWHV HQ GpWDLO GDQV OHV SDUDJUDSKHV VXLYDQWV HQJHQGUHQW GHV WDX[
G¶LQILOWUDWLRQEDVHWXQIDLEOHVWRFNDJHGHVHDX[GDQVOHVRO
/D IDLEOH LQILOWUDELOLWp GHV VROV GX 6DKHO HW OD QDWXUH FRQYHFWLYH GHV SUpFLSLWDWLRQV LQGXLVHQW XQ
UXLVVHOOHPHQWGHW\SH+RUWRQQLHQ 3HXJHRWHW DO'HVFURL[HWDO/HEODQFHWDO
3DUGpILQLWLRQOHUXLVVHOOHPHQWGHW\SH+RUWRQQLHQ+RUWRQDOLHXORUVTXHO¶LQWHQVLWpGHV
SUpFLSLWDWLRQVGpSDVVHODFDSDFLWpG
LQILOWUDWLRQGXVRO/HVSUpFLSLWDWLRQVUXLVVHOOHQWHQVXUIDFHHWQH
V
LQILOWUHQWSDVPrPHVLOHVROQ
HVWSDVVDWXUp&HFRPSRUWHPHQWHVWIUpTXHQWHQFOLPDWVHPLDULGHR
OHV VROV VRQW HQFURWpV HW OHV SUpFLSLWDWLRQV LQWHQVHV 6XU OH ELHI$QVRQJR1LDPH\ FRPPH VXU

 

)LJXUH,OOXVWUDWLRQGHODG\QDPLTXHVDLVRQQLqUHGHVNRULVFRQWULEXWHXUVDX1LJHUHQDPRQW
GH1LDPH\0HOH+DRXVVDH[HPSOHG¶XQDIIOXHQWULYHJDXFKHPDOJUpO¶HQGRUpLVPHGRPLQDQWGH
FHWWHULYHHQGpEXWGHVDLVRQVqFKHDHWSHQGDQWXQpYqQHPHQWSOXYLHX[E$XWUHDIIOXHQWULYH
JDXFKHSHQGDQWXQGpERUGHPHQWGXOLWFFRXUWRLVLHGH-39DQGHUYDHUHHW00$EGRX
c) 
a) b) 
CHAPITRE 1 | Hydrométéorologie de l’Afrique de l’Ouest : Le Niger et le bief Ansongo-Niamey 
 
35 
 
O
HQVHPEOHGX6DKHOOHUXLVVHOOHPHQWHVWGRQFVXUWRXWFRQWU{OpSDUOHVFRQGLWLRQVGHVXUIDFHHWSHX
SDUOHFRQWHQXHQHDXGXVRO'DQVFHWHQYLURQQHPHQWO
LQILOWUDWLRQSURIRQGHVHSURGXLWVXUOHV]RQHV
YpJpWDOLVpHVHQSDUWLFXOLHUDXQLYHDXGHVEURXVVHVWLJUpHV*DOOHHWDOGDQVOHIRQGGHVIODTXHV
HW PDUHV WHPSRUDLUHV FUppHV SDU O
DFFXPXODWLRQ GHV ODPHV G
HDX UXLVVHOpHV )DYUHDX HW DO 
'HVFRQQHWVHWDOGDQVOH IRQGGHVULJROHVGHUXLVVHOOHPHQWGHVSHQWHVVDEOHXVHV(VWHYHVHW
/DSHWLWH0DVVXHOHWDORXHQFRUHDXQLYHDXGHVF{QHVGHGpMHFWLRQVDEOHX[0DVVXHOHW
DO3DUWRXWDLOOHXUVOHGUDLQDJHHVWOLPLWpDX[SUHPLHUVPqWUHVGXVRO3HXJHRWHWDOHW
VXLYL SDU XQH pYDSRUDWLRQ LPSRUWDQWH 3HXJHRW HW DO  HW 9HOOXHW HW DO  /¶LQILOWUDWLRQ
SURIRQGH SDUWLFLSH j OD UHFKDUJH GHV DTXLIqUHV )DYUHDX HW DO  PDLV FHV GHUQLHUV VRQW WURS
SURIRQGVSRXUSDUWLFLSHUDX[pFRXOHPHQWVGXIOHXYH0DKp
&HUWDLQVSURFHVVXVHQWUHHDX[GHVXUIDFHHWHDX[VRXWHUUDLQHVGXELHI$QVRQJR1LDPH\UHVWHQWHQFRUH
LQFRPSULV(QWUHOHVVWDWLRQVG¶$QVRQJRHWGH1LDPH\XQGpILFLWGHGpELWHVWREVHUYpHWSHXWDWWHLQGUH
 GX GpELW G¶$QVRQJR PR\HQQH DQQXHOOH SHQGDQW OD FUXH *XLQpHQQH DQQH[H ,,, 3OXVLHXUV
K\SRWKqVHVSRXUUDLHQWH[SOLTXHUFHGpILFLWFRQQXGHO¶$%1PDLVGHPDQGHQWHQFRUHG¶rWUHpWXGLpHV
/HVFDSWDWLRQVG¶HDXVHPEOHQWrWUHXQHFDXVHjH[FOXUHSXLVTXHOHVGpILFLWVOHVSOXVLPSRUWDQWVGHOD
SpULRGH SUpVHQW VXUYLHQQHQW GDQV OHV DQQpHV  DORUV TXH OD ]RQH pWDLW SHX SRXUYXH HQ
DPpQDJHPHQWV K\GUDXOLTXHV (Q UHYDQFKH XQ UpVHDX GH IUDFWXUHV GDQV OH VRFOH DIIOHXUDQW HVW
REVHUYDEOHHQWUH.DQGDGMLDYDOG¶$QVRQJRHW1LDPH\HWOHXULPSDFWVXUO¶LQILOWUDWLRQSURIRQGHUHVWH
LQFRQQX,OHVWDXVVLLPSRUWDQWGHQRWHUTXHSHQGDQWODVDLVRQVqFKHOHVpFRXOHPHQWVGXOLWSULQFLSDO
UHPRQWHQWYHUVOHVNRULVVHFVjFHWWHSpULRGHJUkFHDX[IDLEOHVSHQWHVGHODUpJLRQ

 Pédologie   
/HVW\SHVGHVROGXELHI$QVRQJR1LDPH\YRQWGHVVROVPLQpUDX[EUXWVHWSHXpYROXpVSOXW{W
DVVRFLpVDX[WrWHVGHEDVVLQGHVDIIOXHQWVULYHGURLWHGXVRFOHJUDQLWLTXHDX[VROVK\GURPRUSKHVGDQV
OHV IRQGV GH YDOOpH 7URLV SULQFLSDX[ W\SHV GH VROV VRQW SUpVHQWV DX VHLQ GX ELHI $QVRQJR
1LDPH\%UXQHW0RUHW HW DO  2OLYU\  /HV VROV EUXQV VWHSSLTXHV RX LVRKXPLGHV
VWHSSLTXHVVRQWSHXSURIRQGVMXVTX¶jFPHWSDXYUHVHQPDWLqUHRUJDQLTXHWDX[GpFURLVVDQWDYHF
OD SURIRQGHXU )RUPpV G¶XQ KRUL]RQ VDEOROLPRQHX[ PRLQV GH  G¶DUJLOH KRPRJqQH HW
PR\HQQHPHQWFRPSDFWFHVVROVVRQWSHXSHUPpDEOHVSUpVHQWHQWXQHIDLEOHFDSDFLWpG¶LQILOWUDWLRQHW
IDYRULVHQW OH UXLVVHOOHPHQW&HV VROV VRQWFDUDFWpULVpVSDUXQ UHOLHI WUqVSODW/HV VROV IHUUXJLQHX[
WURSLFDX[ VRQW pJDOHPHQW SHX SURIRQGV MXVTX¶j FP HW SDXYUHV HQ PDWLqUH RUJDQLTXH (Q
UHYDQFKH OHXUWH[WXUHVDEOHXVHSOXVJURVVLqUHGHX[KRUL]RQVGHVDEOH ILQHWSOXVJURVVLHU IDYRULVH
O¶LQILOWUDWLRQGHVHDX[GHSOXLHV(QILQOHVVROVK\GURPRUSKHVVRQWFDUDFWpULVWLTXHVGHVYDOOpHVEDQGH
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QHGpSDVVDQWSDVNPGHVEDVIRQGVHWGHVOLWVGHVFRXUVG¶HDX3OXVSURIRQGVMXVTX¶jFPFHV
VROV VRQW pJDOHPHQW SOXV ULFKHV HQ DUJLOH %LHQ TXH SHX SHUPpDEOHV LOV SHXYHQW SHUPHWWUH XQH
O¶LQILOWUDWLRQ3RXUXQHGHVFULSWLRQSOXVGpWDLOOpHGHVW\SHVGHVROVGHVFDUWHVSpGRORJLTXHVSUpFLVHV
GHODUpJLRQGH1LDPH\GXEDVVLQGX*RURXROHWGXQRUGHVWGX%XUNLQD)DVRVRQWGLVSRQLEOHVHQ
DQQH[HV,9HW9

 Encroûtement  
&RPPHGDQVO¶HQVHPEOHGHV]RQHVDULGHVHWVHPLDULGHVHWGX6DKHOOHVVROVGXELHIVRQWVXMHWV
jO¶HQFURWHPHQW'LIIpUHQWVW\SHVGHFURWHVRQWJpQpUpVHQIRQFWLRQGHVSURFHVVXVLPSOLTXpVGDQV
OHXUIRUPDWLRQHWGXW\SHGHVRO&DVHQDYHHW9DOHQWLQRQWGpFULWHQGpWDLOOHVGLIIpUHQWHVSKDVHV
GHIRUPDWLRQGHVFURWHVVXSHUILFLHOOHV&¶HVWDXFRXUVGHODSKDVHSUpOLPLQDLUHGLWHG¶KXPHFWDWLRQ
TXHOHVDJUpJDWVGHVROYRQWVHGpVDJUpJHUSDUpFODWHPHQWGLVSHUVLRQRXILVVXUDWLRQSRXUIRXUQLUOHV
SDUWLFXOHVTXLHQWUHURQWGDQVODFRPSRVLWLRQGHODFURWH3OXVLHXUVSURFHVVXVSHXYHQWHQVXLWHHQWUHU
HQ MHX GDQV OD UpRUJDQLVDWLRQ GHV SDUWLFXOHV GH VXUIDFH HW HQJHQGUHU OD IRUPDWLRQ G¶XQH SHOOLFXOH
VXSHUILFLHOOHLPSHUPpDEOHO¶LPSDFWGHVJRXWWHVGHSOXLHVOHUXLVVHOOHPHQWODGHVVLFFDWLRQOHYHQW
8QHW\SRORJLHJpQpWLTXHGHVFURWHVOHVQRPPHHQIRQFWLRQGHVSURFHVVXVGHIRUPDWLRQ'LIIpUHQWV
IDFWHXUV LQGXLVHQW OD IRUPDWLRQ GH WHOOHV VWUXFWXUHV VXSHUILFLHOOHV W\SH GH VRO GH SHQWH GH
SUpFLSLWDWLRQV0rPHVLOHVROSURIRQGLQWHUYLHQWSHXGDQVO¶K\GURORJLHVDKpOLHQQHFHUWDLQVW\SHVGH
VROIDYRULVHQWO¶HQFURWHPHQW/¶HQFURWHPHQWGXVROPRGLILHVHVSURSULpWpVHWOHUHQGLPSHUPpDEOH
IDYRULVDQWOHUXLVVHOOHPHQW&ROOLQHWHW9DOHQWLQ+RRJPRHGHW6WURRVQLMGHU3HXJHRWHWDO



)LJXUH([HPSOHGHFURWHDOJXDOHRXELRORJLTXHGDQVOHEDVVLQGXNRUL0HOH+DRXVVD
FRXUWRLVLHGH-39DQGHUYDHUH
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/DFRXYHUWXUHYpJpWDOHHVWXQHSURWHFWLRQPDMHXUHFRQWUHO¶HQFURWHPHQWSXLVTX¶HOOHUpGXLWO¶LPSDFW
GHVSUpFLSLWDWLRQVGLVSHUVLRQGHO¶pQHUJLHFLQpWLTXHYLDO¶LQWHUFHSWLRQGXUXLVVHOOHPHQWHWGXYHQW
VXUODUpRUJDQLVDWLRQGHVSDUWLFXOHVGHVXUIDFH(OOHFRQFHQWUHpJDOHPHQWOHV]RQHVG¶DFWLYLWpIDXQLTXH
TXLIDYRULVHQWO¶LQILOWUDWLRQ&DVHQDYHHW9DOHQWLQ/¶HIIHWGHO¶DJULFXOWXUHVXUO¶HQFURWHPHQW
VHPEOH GpSHQGUH GHV SUDWLTXHV FXOWXUDOHV /H ODERXU RX OH VDUFODJH SHUPHWWHQW HQ SUHPLHU OLHX
G¶DXJPHQWHU O¶LQILOWUDELOLWp GHV VROV0DLV OD UpRUJDQLVDWLRQ VXSHUILFLHOOH TX¶LOV HQWUDvQHQW IDYRULVH
O¶HQFURWHPHQWHWOHUXLVVHOOHPHQWV¶LOVQHVRQWSDVHIIHFWXpVDVVH]IUpTXHPPHQW&ROOLQHWHW9DOHQWLQ
 +RRJPRHG HW 6WURRVQLMGHU  /H SDLOODJH HW O¶HQIRXLVVHPHQW GHV UpVLGXV GH UpFROWHV
SHXYHQWrWUHXQHVROXWLRQPDLVOHXUDSSOLFDWLRQjJUDQGHpFKHOOHUHVWHGLIILFLOHjFDXVHGHODGHPDQGH
HQSDLOOHGDQVG¶DXWUHVVHFWHXUVHWFHVVROXWLRQVYLHQQHQWDXVVLDYHFOHXUVLQFRQYpQLHQWV&DVHQDYHHW
9DOHQWLQ/DPLVHHQMDFKqUHG¶XQVROFXOWLYpQ¶HQJHQGUHSDVIRUFpPHQWXQHSURWHFWLRQFRQWUH
O¶HQFURWHPHQWTXLSHXWDXJPHQWHUSDUUDSSRUWjXQVROFXOWLYpHQWUHDXWUHjFDXVHGXGpYHORSSHPHQW
G¶DOJXHVEOHXHV9DOHQWLQHWDO

 Végétation 
x 6XFFHVVLRQYpJpWDOHVSRQWDQpH
/DUHVVRXUFHHQHDXHVWOHIDFWHXUOHSOXVOLPLWDQWGHODG\QDPLTXHYpJpWDOHDX6DKHO+LHUQDX[
HW /H+RXpURX  /D GLVWULEXWLRQ OD GLYHUVLWp HW OD SURGXFWLYLWp GX FRXYHUW YpJpWDO VDKpOLHQ
GpSHQGHQWGRQFGHVSUpFLSLWDWLRQVHWGHVFRQGLWLRQVpGDSKLTXHVTXLYRQWGLULJHU OHXUUHGLVWULEXWLRQ
LQILOWUDWLRQRXUXLVVHOOHPHQW&RPPHGDQVO¶HQVHPEOHGX6DKHO OHSD\VDJHIDLEOHPHQWDQWKURSLVp
MXVTX¶DX[ DQQpHV  GX ELHI $QVRQJR1LDPH\ HVW XVXHOOHPHQW GpFULW FRPPH ©VDYDQH j
DQQXHOOHVª(OOHHVWFRPSRVpHG¶XQHVWUDWHKHUEDFpHGRPLQpHSDUGHVJUDPLQpHVDQQXHOOHVHWG¶XQH
VWUDWHDUERUpHIRUPpHGHSODQWHVOLJQHXVHVWHOOHVTXHGHVEXLVVRQVGHVDUEXVWHVHWGHVDUEUHVpSDUV
+LHUQDX[HW/H+RXpURX/DWDLOOHHWODGHQVLWpGHVOLJQHX[DXPD[LPXPGpWHUPLQHQWOH
W\SHGHIRUPDWLRQYpJpWDOH/¶XQHGHVSOXVGHQVHVHWDVVRFLpHjXQpFRV\VWqPHIRUHVWLHUOD©EURXVVH
WLJUpHª HVW FDUDFWpULVWLTXH GHV ]RQHV VHPLDULGHV 6H GpYHORSSDQW VXU OHV SODWHDX[ ODWpULWLTXHV
FXLUDVVpV DX VRO SHX SURIRQG OD EURXVVH WLJUpH HVW FRPSRVpH G
XQH DOWHUQDQFH HQWUH GHV DUFV GH
YpJpWDWLRQSHUSHQGLFXODLUHVjODSHQWHHWGHV]RQHVGHVROQX/D]RQHGHVROQXHQFURWpHHQJHQGUH
XQUXLVVHOOHPHQWGHVHDX[GHSOXLHVYHUVODSDUWLHDYDOYpJpWDOLVpH/DUHGLVWULEXWLRQGHVSUpFLSLWDWLRQV
HQIRQFWLRQGHVFDSDFLWpVG¶LQILOWUDWLRQGXVROGpWHUPLQHODVWUXFWXUHODG\QDPLTXHHWODFRPSRVLWLRQ
IORULVWLTXHGHO¶DUFYpJpWDOLVp6HJKLHULHWDO*DOOHHWDO/HVERUGVGHFRXUVG¶HDXGH
PDUHVRXOHVGpSUHVVLRQVDUJLOHXVHVSHXYHQWpJDOHPHQWDFFXHLOOLUGHV IRUPDWLRQVYpJpWDOHVGHW\SH
IRUrWVFODLUHV
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x $FWLYLWpVDQWKURSLTXHVDOpDVFOLPDWLTXHVHWPRGLILFDWLRQVGXSD\VDJH
/HVVpFKHUHVVHVjUpSpWLWLRQDLQVLTXHODSUHVVLRQGpPRJUDSKLTXHHQWUDvQHQWGHVPRGLILFDWLRQV
GXUDEOHVGXSD\VDJHHQ$IULTXHGHO
2XHVW/H6DKHODFFXHLOOHGHSXLVGHVPLOOpQDLUHVGHVSHXSOHVTXL
LQWHUDJLVVHQW TXRWLGLHQQHPHQW DYHF OHXU pFRV\VWqPHYLD OH SDVWRUDOLVPH O¶DJULFXOWXUH HW OD UpFROWH
G¶HVVHQFHVSRXUODGHPDQGHHQpQHUJLH$YDQWO¶H[SORVLRQGpPRJUDSKLTXHGXHVLqFOHOHVDFWLYLWpV
DQWKURSLTXHV Q¶DYDLHQW TX¶XQ LPSDFW PRGpUp VXU O¶HQYLURQQHPHQW 0DLV O¶DXJPHQWDWLRQ GH FHV
SUDWLTXHVDVVRFLpHjODVpFKHUHVVHRQWSDUWLFLSpjODGLPLQXWLRQGHODFRXYHUWXUHYpJpWDOHVSRQWDQpH
GX6DKHO
/HV FXOWXUHV SOXYLDOHV GRQW OD SULQFLSDOH HVW OD FXOWXUH YLYULqUH GX PLO 3HQQLVHWXP JODXFXP
GHPDQGHQW DX SUpDODEOH XQ GpIULFKHPHQW DYHF XQHPLVH j QX GHV VROV 9DOHQWLQ HW DO /HV
VXFFHVVLRQV VSRQWDQpHVGHVYDOOpHVHWGHVSHQWHV VDEOHXVHVVRQWUHPSODFpHVSDUGHVFKDPSVHWGHV
MDFKqUHVKHUEDFpHV$ULVWLGDPXWDELOLV&HQFKUXVELIORUXVHW'LJLWDULDJD\DQDHWDUEXVWLYHVGRPLQpH
SDU *XLHUD VHQHJDOHQVLV DFFRPSDJQp GH 3LOLRVWLJPD UHWLFXODWXP HW &RPEUHWXP JOXWLQRVXP
'HVFURL[HWDO/¶DXJPHQWDWLRQGHODGHPDQGHHQWHUUHDUDEOHVRXVODSUHVVLRQGpPRJUDSKLTXH
D IRUFp OHV DJULFXOWHXUV j GLPLQXHU OHV WHPSV GHPLVH HQ MDFKqUH GH OHXUV WHUUHV DEDQGRQQDQW OHV
MDFKqUHVGHORQJWHUPHDQVLQGXLVDQWXQHLQWHQVLILFDWLRQGHO
DJULFXOWXUH9DOHQWLQHWDO
6LO¶LPSDFWGXSDVWRUDOLVPHHVWOLPLWp+LHUQDX[HW/H+RXpURXG
DSUqV/HEODQFHWDO
ODGLPLQXWLRQGHODFRXYHUWXUHGHODEURXVVHWLJUpHHVWLPSXWDEOHjjODUpFROWHGHERLVHWj OD
PLVHHQFXOWXUHHWjDX[DOpDVFOLPDWLTXHV/HVUpFROWHVG
HVVHQFHVDUEXVWLYHVDXWRXUGHVYLOOHV
HWGHVYLOODJHVWRXFKHQWSDUWLFXOLqUHPHQWODEURXVVHWLJUpH3HOWLHUHWDO/HEODQFHWDO
3OXVLHXUVpWXGHVRQWFDUWRJUDSKLpFHVFKDQJHPHQWVjSDUWLUG¶LPDJHVVDWHOOLWHVHWDpULHQQHV/HEODQF
HWDOHW$PRJXHWDO(QUDLVRQGHODSUpVHQFHGXVLWHG¶pWXGH+DSH[6DKHOVXU ODULYH
JDXFKHDXQRUGHVWGH1LDPH\NPHQYLURQODSOXSDUWRQWpWpPHQpHVHQ]RQHHQGRUpLTXH)LJXUH
&HUWDLQHVVHVRQWFHSHQGDQWSHQFKpHVVXUODULYHJDXFKH)LJXUHGDQVO¶RSWLTXHG¶pYDOXHU
FHVFKDQJHPHQWVGHFRXYHUWVHWG¶pYDOXHU OHXU LPSDFWVXU O¶K\GURORJLH/HVH[HPSOHVSUpVHQWpV LFL
)LJXUHHW)LJXUHLOOXVWUHQWODGLPLQXWLRQGHODYpJpWDWLRQDUERUpHDXSURILWGXVROQXHW
GHVFXOWXUHVVXUOHVGHX[ULYHV
/HV SURFHVVXV K\GURORJLTXHV GX EDVVLQ GX ELHI$QVRQJR1LDPH\ HW OHVPRGLILFDWLRQV UDSLGHV GHV
FRQGLWLRQVGHVXUIDFHLQIOXHQoDQWODUpSRQVHK\GURORJLTXHFRQVWLWXHQWXQGpILSRXUODPRGpOLVDWLRQ
K\GURORJLTXH 6L SOXVLHXUV pWXGHV VH VRQW GpMj SHQFKpHV VXU OD PRGpOLVDWLRQ GH EDVVLQV VDKpOLHQV
6HJXLVHWDO0DKpHWDOLOQ¶H[LVWDLWSDVHQFRUHGHPRGpOLVDWLRQK\GURORJLTXHGLVWULEXpH
jO¶pFKHOOHUpJLRQDOHHWLQIUDMRXUQDOLqUHDXGpEXWGHFHVWUDYDX[VXUFHEDVVLQ
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
)LJXUH,OOXVWUDWLRQGHO¶pYROXWLRQGHO¶RFFXSDWLRQGHVVROVGDQVOHEDVVLQGX%RXERQNP
DXQRUGHVWGH1LDPH\HQWUHHWG¶DSUqVOHVWUDYDX[G¶$PRJXHWDO/H
EDVVLQGX%RXERQLQLWLDOHPHQWHQGRUpLTXHHVWGHYHQXH[RUpLTXH


)LJXUH,OOXVWUDWLRQGHO¶pYROXWLRQGHO¶RFFXSDWLRQGHVVROVGDQVOHEDVVLQGX*RURXROHQWUH
HWG¶DSUqVOHVWUDYDX[G¶$PRJXHWDO/HVGpJUDGpVGHYHUWVFRUUHVSRQGHQWjOD
YpJpWDWLRQPDUURQVDX[VROVQXVHWEOHXVjO¶HDX&DUWHVUpDOLVpHVjSDUWLUG¶LPDJHV/$1'6$7

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 Changements hydrologiques du bassin du bief Ansongo-Niamey 
/D)LJXUHPHWHQpYLGHQFH OHVYDULDWLRQVGHODFUXH*XLQpHQQHGX1LJHUREVHUYpHVj
$QVRQJRHW1LDPH\HWFHOOHVGHODFUXH5RXJHj1LDPH\HQWUHHW/DFUXH*XLQpHQQHj
$QVRQJRHWj1LDPH\VXLWOHVWHQGDQFHVSOXYLRPpWULTXHVLXQGpELWSOXVLPSRUWDQWHWXQHSpULRGH
GHKDXWHVHDX[SOXVORQJXHSHQGDQWOHVGpFHQQLHVKXPLGHVHWLLXQHGLPLQXWLRQSHQGDQW
OHVGpFHQQLHVVqFKHVHWDYHFGHVYDOHXUVPLQLPDOHVSHQGDQWODGpFHQQLHLLLXQH
UHSULVHGHVpFRXOHPHQWVSHQGDQWODSpULRGHUpFHQWHG¶LQWHQVLILFDWLRQPDLVTXLQ¶pJDOHQWSDVFHX[GHV
GpFHQQLHVKXPLGHVFRPPH OHVSUpFLSLWDWLRQV&HVREVHUYDWLRQVVRQWHQDFFRUGDYHF OD OLWWpUDWXUH
TXLGpFULWHQSDUWLFXOLHUXQGpILFLWGHVpFRXOHPHQWVMXVTX¶jGHX[IRLVSOXVLPSRUWDQWTXHOHVGpILFLWV
SOXYLRPpWULTXHVGDQVOHVUpJLRQVDPRQWVGXEDVVLQVRXVFOLPDWVRXGDQLHQ0DKp0DKpHWDO
HW3DWXUHOHWDO3DUH[HPSOHOHGpILFLWGX%DQLj'RXQDDWWHLQWMXVTX¶jGDQV
OHVDQQpHV0DKpHWDO
(QUHYDQFKHO¶pYROXWLRQGHODFUXH5RXJHHVWGLIIpUHQWHOD)LJXUHPRQWUHOHUHQIRUFHPHQWGH
VRQ LQWHQVLWp HW GH VD IUpTXHQFH TXL D PRGLILp O¶DOOXUH GH O¶K\GURJUDPPH PR\HQ GpFHQQDO &H
SKpQRPqQHFRPPHQFHjrWUHQRWDEOHSHQGDQWODGpFHQQLHGRQWOHGpELWPR\HQSHQGDQW
XQH SDUWLH OD FUXH 5RXJH pJDOH HW GpSDVVH FHOXL GH OD GpFHQQLH  pJDOHPHQW HQ GpILFLW
SOXYLRPpWULTXHPDLVPRLQVLQWHQVH'HPrPHODGpFHQQLHpJDOHSHQGDQWXQHSDUWLHGHOD
FUXH5RXJHOHGpELWPR\HQGHODGpFHQQLHSRXUWDQWSOXVKXPLGH/DGpFHQQLH
SUpVHQWHOHVGpELWVOHVSOXVLPSRUWDQWVGHODSpULRGHpWXGLpHGpSDVVDQWSHQGDQWO¶HQVHPEOHGHODVDLVRQ
OHVGpELWVREVHUYpVSHQGDQW OHVGpFHQQLHV OHVSOXVKXPLGHV$FDXVHGHFHUHQIRUFHPHQWGHODFUXH
5RXJHGHSXLVODGpFHQQLHO¶K\GURJUDPPHPR\HQSUpVHQWHXQSURILOELPRGDOQHWROD
FUXH5RXJHHVWGLVVRFLpHGHODFUXH*XLQpHQQH©OHGURPDGDLUHHVWGHYHQXXQFKDPHDXª'HVFURL[
HWDO
&HWWH DXJPHQWDWLRQ HQ LQWHQVLWp HW HQ IUpTXHQFH GH OD FUXH5RXJH G¶DERUGREVHUYpH SDU$OEHUJHO
HVWELHQGRFXPHQWpHHWIUpTXHPPHQWDFWXDOLVpH$PDQLDQG1JXHWRUD0DKpHWDO
0DKpHW3DWXUHO'HVFURL[HWDO6LJKRPQRXHWDO/DFUXH5RXJHGH
SOXVHQSOXVLPSRUWDQWHGpSDVVHPDLQWHQDQWIUpTXHPPHQWODFUXH*XLQpHQQH(WHQ
HWOHVKDXWHXUVOHVSOXVLPSRUWDQWHVGHSXLVOHGpEXWGHVREVHUYDWLRQVj1LDPH\RQWpWpREVHUYpHV
6LJKRPQRX  6LJKRPQRX HW DO   HW RQW HQJHQGUp GHV LQRQGDWLRQV GpYDVWDWULFHV
)LJXUH'DQVODVXLWHGHFHPDQXVFULWOHVFKDSLWUHVHWDERUGHURQWOHVXLYLGHFHVFKDQJHPHQWV
UpFHQWV HW SDVVpV HW O¶DSSRUW GH O¶DSSURFKH FRPELQpH SURGXLWV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV HW
PRGpOLVDWLRQK\GURORJLTXHSRXUUpSRQGUHjFHWWHSUREOpPDWLTXH
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 
)LJXUH  +\GURJUDPPHGpFHQQDOPR\HQGX GpELW GX1LJHU DX[ VWDWLRQVG¶$QVRQJR D HW
1LDPH\ESHQGDQWOHVGHUQLqUHVGpFHQQLHV

 Discussion sur l’attribution des changements hydrologiques de la crue Rouge 
3OXVLHXUV pWXGHV RQW GpMj PLV HQ pYLGHQFH XQH DXJPHQWDWLRQ GHV pFRXOHPHQWV GHV EDVVLQV
VDKpOLHQVHQGHVVRXVGHPPGHSOXLHSDUDQHQGpSLWGXGpILFLWSOXYLRPpWULTXH&HSKpQRPqQH
FRQQXVRXVOHWHUPHGH©SDUDGR[HVDKpOLHQªDpJDOHPHQWpWpREVHUYpVXUOHEDVVLQGXELHI$QVRQJR
1LDPH\$PDQLHW1JXHWRUDRQWPLVHQpYLGHQFHVXUOHEDVVLQGHOD6LUEDXQHDXJPHQWDWLRQ
GXFRHIILFLHQWG
pFRXOHPHQWHQWUHHW0DKpHWDODUULYHQWDXPrPHUpVXOWDWSRXU
OHVDIIOXHQWVULYHGURLWHROHVFRHIILFLHQWVG
pFRXOHPHQWRQWDXJPHQWpUHVSHFWLYHPHQWGH
HWSRXUOH*RURXROOH'DUJROHWOD6LUEDHQWUHHW&HVDIIOXHQWVGpFULWV
HQ  FRPPH SHX FRQWULEXWLIV %UXQHW0RUHW HW DO  HQ SDUWLFXOLHU OH QRUG *RURXRO
H[FOXVLYHPHQW HQGRUpLTXH UHSUpVHQWHQW PDLQWHQDQW XQ DSSRUW FRQVpTXHQW OD 6LUED pWDQW OH SOXV
LPSRUWDQW$PDQLHW1JXHWRUD&¶HVWFHWWHDXJPHQWDWLRQGHVpFRXOHPHQWVGHVDIIOXHQWVULYH
GURLWHTXLHQWUDvQHOHUHQIRUFHPHQWGHODFUXH5RXJHj1LDPH\
/HV]RQHVHQGRUpLTXHVFRQQDLVVHQWpJDOHPHQWXQHDXJPHQWDWLRQGH UXLVVHOOHPHQWTXLHQJHQGUH L
O
DXJPHQWDWLRQGXUpVHDXGHGUDLQDJH)LJXUHG¶DSUqV/HEODQFHWDOLLO¶DXJPHQWDWLRQ
GHVVXUIDFHVGHVPDUHV*DUGHOOHHWDOHWLLLO
DFFURLVVHPHQWGXVWRFNG
HDXGDQVOHVQDSSHV
)DYUHDXHWDO0DKp0DVVXHOHWDO&HWWHDXJPHQWDWLRQGHUXLVVHOOHPHQWGHVXUIDFH
HQJHQGUHpJDOHPHQWGHVUXSWXUHVG¶HQGRUpLVPHORFDOLVpHVTXLFRQVWLWXHQWGHQRXYHDX[DSSRUWVjOD
FUXH5RXJH)LJXUH$PRJXHWDO0DPDGRXHWDO
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

)LJXUH5HFHQVHPHQWGHVpYqQHPHQWVHIIHFWLIVHWSRVVLEOHVGHVUXSWXUHVG¶HQGRUpLVPHGDQV
ODUpJLRQGH1LDPH\G¶DSUqVOHVWUDYDX[GH0DPDGRXHWDO

)LJXUH,OOXVWUDWLRQGXGpYHORSSHPHQWGXUpVHDXGHGUDLQDJHHQGHQVLWpHWFRQQHFWLYLWpGDQV
XQVRXVEDVVLQHQGRUpLTXHGXVLWHGH*DVVDQVLWXpHQULYHJDXFKHGX1LJHUjXQHDLQHGHNPj
O¶RXHVWGH1LDPH\HQWUHHWG¶DSUqVOHVWUDYDX[GH/HEODQFHWDO
/HVFKLIIUHVFRUUHVSRQGHQWDX[QXPpURVG¶RUGUHGHVFKHQDX[
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/HSDUDGR[HVDKpOLHQ GpILQLSDU O¶DXJPHQWDWLRQGX UXLVVHOOHPHQWGHVXUIDFHGHSXLV OHVDQQpHV
FRQFRUGDQWDYHFXQHGLPLQXWLRQGHVSUpFLSLWDWLRQVHVWXQSURFHVVXVFRQWUHLQWXLWLIHWVHPEOHH[FOXUH
XQHRULJLQHFOLPDWLTXH/HVpWXGHVEDVpHVVXUGHVREVHUYDWLRQV VHXOHV$OEHUJHO0DKpHWDO
/HEODQFHWDO0DKpHW3DWXUHO'HVFURL[HWDO$PRJXHWDOHW
VXU OD PRGpOLVDWLRQ 6pJXLV HW DO  0DKp HW DO  /L HW DO  3DWXUHO HW DO 
V
DFFRUGHQW VXU OH U{OH GHV FKDQJHPHQWV GX FRXYHUW YpJpWDO HW GH O
XWLOLVDWLRQ GHV VROV VXU
O¶DXJPHQWDWLRQGHVpFRXOHPHQWVPDOJUpOHGpILFLWSOXYLRPpWULTXH/DGLPLQXWLRQGXFRXYHUWYpJpWDO
PRGLILH OHVSURSULpWpV K\GUDXOLTXHVGH OD VXUIDFH IDYRULVDQW OD IRUPDWLRQGHFURWHV TXL
UpGXLWO
LQILOWUDWLRQHWLQGXLWXQHDXJPHQWDWLRQGXUXLVVHOOHPHQWGHW\SH+RUWRQLHQ
0DLV O¶LQWHQVLILFDWLRQGHVSUpFLSLWDWLRQVGHSXLV OHVDQQpHV 3DQWKRXHWDO DLQVLTXH OD
VXFFHVVLRQGHGpELWVUHFRUGj1LDPH\HWGHVLQRQGDWLRQVSOXYLDOHVGDQVODUpJLRQGHSXLVOHVDQQpHV
SRVHQWjQRXYHDXODTXHVWLRQGHO¶RULJLQHGHVFKDQJHPHQWVK\GURORJLTXHV6LGDQVOHVpWXGHV
SUpFpGHPPHQWFLWpHVOHU{OHGHVSUpFLSLWDWLRQVHVWVRXYHQWGLVFXWpLOQ¶HVWSDVFODLUHPHQWGpWHUPLQp
6LGHVpWXGHVEDVpHVXQLTXHPHQWVXUGHVDQDO\VHVGHFRUUpODWLRQQ¶RQWSDVWURXYpGHUHODWLRQFODLUH
HQWUHOHVSUpFLSLWDWLRQVHWOHGpELWj O¶pFKHOOHDQQXHOOHHWPHQVXHOOH'HVFURL[HWDOG¶DXWUHV
RQWPRQWUpGHVFRUUpODWLRQVFODLUHVjGHSOXVILQHVpFKHOOHV0DODP$EGRX(WGHSOXVHQSOXV
G¶DXWHXUVQRWHQWODFRUUpODWLRQHQWUHGHVpYqQHPHQWVSOXYLHX[H[WUrPHVUpFHQWVHWO¶H[DFHUEDWLRQGH
ODFUXH5RXJHj1LDPH\6LJKRPQRXHWDO0DLVODSUpVHQFHRXO¶DEVHQFHGHFRUUpODWLRQQH
SHXYHQW VHXOHV SHUPHWWUH GH VWDWXHU VXU XQH UHODWLRQ GH FDXVDOLWp 4XHOTXHV pWXGHV EDVpHV VXU OD
PRGpOLVDWLRQ K\GURORJLTXH RQW PLV HQ pYLGHQFH OH U{OH GHV SUpFLSLWDWLRQV VXU OHV FKDQJHPHQWV
K\GURORJLTXHPDLVVDQVSUHQGUHHQFRPSWHOHVFKDQJHPHQWVG¶XWLOLVDWLRQGXVROG¶2UJHYDOHW3ROFKHU
RXHQXWLOLVDQWXQXQLTXHMHXG¶HVWLPDWLRQVGHVSUpFLSLWDWLRQVSUpVHQWDQWXQELDLVQpJDWLI$LFK
HWDO'HSOXVDXFXQHGHFHVpWXGHVQ¶DSULVHQFRPSWHOHVYDULDWLRQVG¶DLUHVGHGUDLQDJHDX
FRXUVGXWHPSV2UO¶H[WHQVLRQGXUpVHDXGHGUDLQDJHHWOHVUXSWXUHVG¶HQGRUpLVPHGRLYHQWSDUWLFLSHU
jO¶DXJPHQWDWLRQGHVFRQWULEXWLRQVjODFUXH5RXJH$PRJXHWDO0DPDGRXHWDO
/HGHUQLHUFKDSLWUHGHFHPDQXVFULWFKDSLWUHDERUGHODTXHVWLRQGXU{OHGHVYDULDWLRQVFOLPDWLTXHV
HQVHEDVDQWVXUO¶DSSURFKHGHPRGpOLVDWLRQGpYHORSSpHGDQVOHVFKDSLWUHVHWHWYDOLGpHGDQVOH
FKDSLWUHSRXUGLVVRFLHUOHVVHQVLELOLWpVGHO¶K\GURORJLHDX[FRQGLWLRQVFOLPDWLTXHVHWGHVXUIDFH
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 /H1LJHUHVWXQIOHXYHjIRUWVHQMHX[SRXUO¶$IULTXHGHO¶2XHVWHWFRQQDvWGHIRUWHVDPSOLWXGHV
FOLPDWLTXHV TXL HQJHQGUHQW GHV FULVHV OLpHV DX[ VpFKHUHVVHV RX DX[ LQRQGDWLRQV &HV YDULDWLRQV
FOLPDWLTXHVPRGLILHQWODG\QDPLTXHSDUWLFXOLqUHGHFHIOHXYHTXLFRQQDLWGHX[FUXHVVXFFHVVLYHVGDQV
VDSDUWLHPR\HQQHODFUXH5RXJHHWODFUXH*XLQpHQQH/DFUXH*XLQpHQQHSURYLHQWGHODSDUWLH
VXSpULHXUHGXIOHXYHTXLDFRQQXXQGpILFLWGHGpELWMXVTX¶jGHX[IRLVSOXVLPSRUWDQWTXHOHGpILFLWGH
SUpFLSLWDWLRQGHSXLVOHVDQQpHV/DFUXH5RXJHHQJHQGUpHSDUOHVpFRXOHPHQWVGHVDIIOXHQWV
VDKpOLHQVSUpVHQWHXQHpYROXWLRQFRQWUDLUHDYHFXQHDXJPHQWDWLRQGHVpFRXOHPHQWVSHQGDQWOHGpILFLW
SOXYLRPpWULTXHF¶HVWOHSDUDGR[HVDKpOLHQ$1LDPH\ODFUXH5RXJHQ¶DFHVVpG¶DXJPHQWHUGHSXLV
OHV DQQpHV  HW GHSXLV OHV DQQpHV  OHV GpELWV OHV SOXV LPSRUWDQWV GHSXLV OH GpEXW GHV
REVHUYDWLRQVRQWpWpHQUHJLVWUpVHQJHQGUDQWGHVGpJkWVGUDPDWLTXHV6DSUpYLVLRQUHVWHHQFRUHXQ
GpILSRXUOHVDXWRULWpVORFDOHVHWODTXHVWLRQGHO¶DWWULEXWLRQGHVHVFKDQJHPHQWVHQFRUHRXYHUWH
/D SUpYLVLRQ OH VXLYL HW OD JHVWLRQ GH WHOV pYpQHPHQWV GHPDQGHQW GHV RXWLOV DGDSWpV j
O¶K\GURORJLHUpJLRQDOHHWDX[GRQQpHVGLVSRQLEOHV/¶DSSURFKHGpELWGpELWHVWGLIILFLOHPHQWDSSOLFDEOH
VDQV XQH H[FHOOHQWH FRXYHUWXUH HQ VWDWLRQV K\GURORJLTXHV GHV DIIOXHQWV JpQpUDQW FHWWH FUXH HW GHV
SODWHIRUPHV GH FROOHFWHV GH GRQQpHV '&3 SHUPHWWDQW XQ VXLYL HQ WHPSV UpHO3RXU SDOOLHU FHWWH
OLPLWHO¶$%1VRXKDLWHGpYHORSSHUXQHDSSURFKHEDVpHVXUODUHODWLRQSOXLHGpELWHWEpQpILFLHUGHV
RXWLOVVSDWLDX[G¶HVWLPDWLRQGHVSUpFLSLWDWLRQVSRXUUHPpGLHUDXPDQTXHGHGRQQpHVPpWpRURORJLTXHV
VXUOD]RQHTXHFHVRLWSDUDFFHVVLELOLWpRXSDUDEVHQFHGHGRQQpHV
0DLV OHV SURFHVVXV K\GURORJLTXHV GX EDVVLQ GX ELHI$QVRQJR1LDPH\ HW OHVPRGLILFDWLRQV
UDSLGHVGHVFRQGLWLRQVGHVXUIDFHFRQVWLWXHQWXQGpILSRXUODPRGpOLVDWLRQK\GURORJLTXHGHFHVRXV
EDVVLQ6LSOXVLHXUVpWXGHVVHVRQWGpMjSHQFKpHVVXUODPRGpOLVDWLRQGHFHUWDLQVEDVVLQVYHUVDQWVGH
SHWLWH pFKHOOH GH FHWWH ]RQH LO Q¶H[LVWDLW SDV HQFRUH GH PRGpOLVDWLRQ K\GURORJLTXH GLVWULEXpH j
O¶pFKHOOHUpJLRQDOHVXUFHVRXVEDVVLQDXGpEXWGHFHVWUDYDX[
/HV SURGXLWV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV EDVpV VXU GHV PHVXUHV VDWHOOLWHV VRQW XQH
DOWHUQDWLYHVpGXLVDQWHSRXUSDOOLHUODIDLEOHGHQVLWpGXUpVHDXGHSOXYLRPqWUHVGDQVFHUWDLQHVSDUWLHV
GXEDVVLQGX1LJHUHWSRXUXQHDSSURFKHGHJHVWLRQWUDQVIURQWDOLqUH0DLVODFDSDFLWpGHFHVSURGXLWV
jUHVWLWXHUOHVFKDPSVGHSOXLHLVVXVGHV0&6HWKDXWHPHQWYDULDEOHVVSDWLRWHPSRUHOOHPHQWGRLWrWUH
pWXGLpHDLQVLTXHODSURSDJDWLRQGHOHXUHUUHXUGDQVODPRGpOLVDWLRQK\GURORJLTXH
/HVXLYLHWODSUpYLVLRQGXSUpVHQWGHPDQGHDXVVLGHELHQFRPSUHQGUHOHSDVVpHWGDQVOHFDV
SUpVHQWGHFRPSUHQGUHOHVFDXVHVGHO¶pYROXWLRQGHODFUXH5RXJH%LHQTXHOHU{OHGXFKDQJHPHQW
GHVFRQGLWLRQVGHVXUIDFHVRLW LQGpQLDEOH OHU{OHGHVSUpFLSLWDWLRQVHWGH OHXUVpYROXWLRQVUpFHQWHV
Q¶DSDVHQFRUHpWpELHQpWXGLp

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&¶HVW GDQV FH FDGUH TXH V¶LQVFULYHQW OHV TXHVWLRQV JpQpUDOHV GH FHWWH WKqVH TXL VHURQW
GpYHORSSpHVGDQVOHVFKDSLWUHVVXLYDQWV/HVSURGXLWVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVVDWHOOLWHVPDLV
DXVVLLQVLWXSHXYHQWLOVTXDQWLILHUHWUHSURGXLUHOHVFDUDFWpULVWLTXHVGHVSUpFLSLWDWLRQVDVVRFLpHVDX
0&6VDKpOLHQVFKDSLWUH"/DPRGpOLVDWLRQFKRLVLHPRGqOHGHVXUIDFHJOREDOSHUPHWWUDWHOOHGH
UHSURGXLUHDYHFDVVH]GHUpDOLVPHOHIRQFWLRQQHPHQWFRPSOH[HGXEDVVLQHWOHVLQRQGDWLRQVFKDSLWUH
HW"/¶DVVRFLDWLRQGHVHVWLPDWLRQVGHVSUpFLSLWDWLRQVjXQHPRGpOLVDWLRQK\GURORJLTXHSHXWHOOH
SHUPHWWUHOHVXLYLGHODFUXH5RXJHHWGHVLQRQGDWLRQVDVVRFLpHVFKDSLWUH"4XHOHVWO¶LPSDFWGHV
HUUHXUV DVVRFLpHV DX[ SUpFLSLWDWLRQV VXU OD PRGpOLVDWLRQ K\GURORJLTXH FKDSLWUH " (W HQILQ OD
PRGpOLVDWLRQSHXWHOOHSHUPHWWUHG¶DQDO\VHUOHVFDXVHVGHVFKDQJHPHQWVK\GURORJLTXHVGpFULWVGHSXLV
OHVDQQpHVFKDSLWUH"
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

Chapitre 2 Estimation des précipitations : du réseau de 
pluviomètres à la constellation satellite 


 
HVWURLVJUDQGVW\SHVGHPHVXUHGHVSUpFLSLWDWLRQV±SOXYLRPqWUHVUDGDUVHWVDWHOOLWHV±
VHXOVOHVUpVHDX[GHSOXYLRPqWUHVLQVLWXHWOHVPHVXUHVVDWHOOLWHVVHURQWDERUGpVGDQV
FHFKDSLWUHHWWRXWDXORQJGHFHPDQXVFULW6HXOVOHVSOXYLRPqWUHVSHUPHWWHQWXQHPHVXUHGLUHFWHGHV
SUpFLSLWDWLRQV HW FRQVWLWXHQW OD EDVH GH GRQQpHV OD SOXV DQFLHQQH KLVWRULTXHPHQW &HV PHVXUHV
ORUVTX¶HOOHVVRQWLVVXHVGHUpVHDX[GHQVHVHWDVVRFLpHVjGHVPpWKRGHVG¶LQWHUSRODWLRQVSUpFLVHVVRQW
FRQVLGpUpHV FRPPH XQH UpIpUHQFH SRXU YDOLGHU HW pYDOXHU G¶DXWUHV W\SHV G¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQV (Q UHYDQFKH OD FRXYHUWXUH HUUDWLTXH HW JOREDOHPHQW LQpJDOH GHV SOXYLRPqWUHV
HQJHQGUHGH ODUJHV ]RQHVSHXRXSDVFRXYHUWHVHQSDUWLFXOLHU VXU OHVJUDQGV EDVVLQV WURSLFDX[
'DQVGHWHOOHVUpJLRQVOHVSURGXLWVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVEDVpVVXUGHVPHVXUHVVDWHOOLWHV
ELHQTX¶LQGLUHFWHVRIIUHQWO¶DYDQWDJHG¶XQHODUJHFRXYHUWXUHVSDWLDOHDYHFSRWHQWLHOOHPHQWXQHERQQH
UpSpWLWLYLWp WHPSRUHOOHLQIUDMRXUQDOLqUHHWXQHUpVROXWLRQVSDWLDOHFRPSULVHHQWUHHWNP&H
FKDSLWUHSUpVHQWHOHVSULQFLSHVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVLQVLWXHWVDWHOOLWHVHWOHVGLIIpUHQWV
SURGXLWVXWLOLVpVDXFRXUVGHFHWWHpWXGH8QpWDWGHO¶DUWGHVSHUIRUPDQFHVGHVGLIIpUHQWVSURGXLWV
VDWHOOLWHVVXUOH6DKHOHVWGUHVVpHWVXLYLG¶XQHDFWXDOLVDWLRQSRXUO¶HQVHPEOHGHVSURGXLWVXWLOLVpV
JUkFHjODFRPSDUDLVRQDYHFXQUpVHDXLQVLWXGHUpIpUHQFHVXUOHGHJUpFDUUpGH1LDPH\(QILQOHV
FDUDFWpULVWLTXHVGHVSURGXLWVVRQWFRPSDUpHVVXUOD]RQHG¶pWXGHOHEDVVLQGXELHI$QVRQJR1LDPH\
 
'
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 Principes de l’estimation des précipitations 
,OH[LVWHWURLVJUDQGVW\SHVG¶LQVWUXPHQWVGHPHVXUHGHVSUpFLSLWDWLRQV±OHVSOXYLRPqWUHVOHV
UDGDUVHWOHVVDWHOOLWHV±GRQWOHVVSpFLILFLWpVG¶pFKHOOHGHFRXYHUWXUHHWGHPHVXUHVRQWUDSSHOpHVGDQV
OH 7DEOHDX   &H SUHPLHU SDUDJUDSKH YLVH j UDSSHOHU OHV JUDQGV SULQFLSHV GH OD PHVXUH HW GH
O¶HVWLPDWLRQGHVSUpFLSLWDWLRQVLQVLWXHWVDWHOOLWHTXLVRQWXWLOLVpVGDQVODVXLWHGHFHWWHpWXGH
7DEOHDX7DEOHDXGHVFDUDFWpULVWLTXHVGHVGLIIpUHQWHVPHVXUHVGHVSUpFLSLWDWLRQV
 5pVROXWLRQ6SDWLDOH
5pVROXWLRQ
7HPSRUHOOH
&RXYHUWXUH
VSDWLDOH
3pULRGHGH
GLVSRQLELOLWp 7\SHGHPHVXUH
3OXYLRPqWUHJUDSKH  MaPLQ 3RQFWXHOOH +LVWRULTXH 'LUHFWH
5DGDUPpWpR NP PLQ /RFDOHNP  ,QGLUHFWH
6DWHOOLWH jNP KjM 5pJLRQDOHj*OREDOH
a,5
a0: ,QGLUHFWH

 Mesure directe ponctuelle : réseaux in-situ et interpolation spatiale 
/HVSOXYLRPqWUHVPHVXUHQWODKDXWHXUG¶HDXSUpFLSLWpHjXQSRLQWGRQQpGHO¶HVSDFHSRXUXQH
JDPPHGHSDVGHWHPSV/HVSOXYLRPqWUHVjOHFWXUHVRQWGHVUpFLSLHQWVpWDORQQpVTXLQpFHVVLWHQWOD
YLVLWHG¶XQH[SpULPHQWDWHXUSRXUOLUHODKDXWHXUG¶HDXPHVXUpH/DUpVROXWLRQWHPSRUHOOHGpSHQGDORUV
GHODIUpTXHQFHGHYLVLWHTXLHVWJpQpUDOHPHQWMRXUQDOLqUH/HVSOXYLRJUDSKHVHQUHJLVWUHQWOHVFXPXOV
GHKDXWHXUG¶HDXGHPDQLqUHFRQWLQXH/HVSOXVIUpTXHQWVVRQWGHVV\VWqPHVjDXJHWVEDVFXOHXUVOHV
DXJHWVEDVFXOHQW ORUVTX¶XQHFHUWDLQHKDXWHXUG¶HDXHVWDFFXPXOpHHW OHVKRUDLUHVGHVEDVFXOHPHQWV
VRQW  HQUHJLVWUpV j O¶RULJLQH VXU XQ SDSLHU GpILODQW G¶R OH VXIIL[H JUDSKH DXMRXUG¶KXL GDQV GHV
ILFKLHUV QXPpULTXHV /HV SOXYLRJUDSKHV FRPPXQpPHQW LQVWDOOpV HQ $IULTXH SURGXLVHQW XQ
EDVFXOHPHQWWRXVOHVPPGHSOXLH/HVVpULHVWHPSRUHOOHVGHEDVFXOHPHQWVRQWHQVXLWHFRQYHUWLHV
HQ LQWHQVLWp GH SOXLH j GHV SDV GH WHPSV UpJXOLHUV HW WUqV ILQV JpQpUDOHPHQW FRPSULV HQWUH  HW 
PLQXWHV/HVPHVXUHVGHVUpVHDX[G¶REVHUYDWLRQVLQVLWXEDVpHVVXUOHVSOXYLRPqWUHVFRQVWLWXHQWOHV
EDVHVGHGRQQpHVSOXYLRPpWULTXHVKLVWRULTXHVOHVSOXVDQFLHQQHV0DLVODFRXYHUWXUHVSDWLDOHGHWHOV
LQVWUXPHQWVHVWJOREDOHPHQWLQpJDOHHWODGHQVLWpGHVUpVHDX[GpSHQGJUDQGHPHQWGHVUpJLRQVHWGHOD
SpULRGH FRQVLGpUpH &RQFHUQDQW OHV VXUIDFHV FRQWLQHQWDOHV VL O¶(XURSH HW O¶$PpULTXH GX 1RUG
SRVVqGHQWGHVMHX[GHGRQQpHVGHQVHVHWDQFLHQVGHSXLVOHqPHVLqFOH1HZHWDOG¶DXWUHV
UpJLRQVFRPPHO¶$IULTXHGHO¶2XHVWVRQWGpSRXUYXHVGHWHOOHVDUFKLYHV1LFKROVRQHWDORQW
PLVHQpYLGHQFHODSUpVHQFHGHGRQQpHVSOXYLRPpWULTXHVLQVLWXUHPRQWDQWDXqPHVLqFOHHQ$IULTXH
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PDLVDYHFXQHGHQVLWpIDLEOHGHSOXYLRPqWUHVHQSDUWLFXOLHUSRXUOHGpEXWGHVREVHUYDWLRQV
/DTXHVWLRQGHODGHQVLWpVSDWLDOHGXUpVHDXGHSOXYLRPqWUHVHVWXQHSUREOpPDWLTXHFUXFLDOHSRXUOH
SDVVDJHGHO¶pFKHOOHSRQFWXHOOHjODTXHOOHHVWPHVXUpHO¶LQWHQVLWpSOXYLRPpWULTXHjXQHpFKHOOHSOXV
ODUJH j ODTXHOOH OH FKDPS GH SOXLH HVW HVWLPp (Q HIIHW OD SOXSDUW GHV DSSOLFDWLRQV XWLOLVDQW OHV
HVWLPDWLRQV GH SUpFLSLWDWLRQV PpWpRURORJLH K\GURORJLH pFRORJLH HWF QpFHVVLWHQW GHV FKDPSVGH
SOXLHVVSDWLDOLVpVRXXQHSOXLHPR\HQQHVXUXQHVXUIDFHUHODWLYHPHQWODUJHFRPPHXQEDVVLQYHUVDQW
/HV PHVXUHV SRQFWXHOOHV LVVXHV GHV SOXYLRPqWUHV GRLYHQW DORUV rWUH LQWHUSROpHV VSDWLDOHPHQW /D
TXDOLWpGH O¶LQWHUSRODWLRQGpSHQGGH ODGHQVLWpGX UpVHDXGHPHVXUHHWGH OD VWUXFWXUH VSDWLDOHGHV
FKDPSV GH SOXLH 6L XQ FKDPS GH SOXLH HVW KRPRJqQH GRQF FRUUpOp VSDWLDOHPHQW OHV PpWKRGHV
G¶LQWHUSRODWLRQVLPSOHVHWGHVUpVHDX[SHXGHQVHVSURGXLVHQWGHVUpVXOWDWVVDWLVIDLVDQWV6LOHFKDPS
GHSOXLHHVWKpWpURJqQHO¶LQWHUSRODWLRQVLPSOHDVVRFLpHjXQUpVHDXGHIDLEOHGHQVLWpHQJHQGUHGHWURS
JUDQGHVHUUHXUVG¶HVWLPDWLRQSRXUGHVpFKHOOHVILQHV(QHIIHWOHGHJUpG¶DXWRFRUUpODWLRQVSDWLDOHG¶XQ
FKDPSGHSOXLHKpWpURJqQHGpSHQGGHODUpVROXWLRQWHPSRUHOOHO¶LQWpJUDWLRQGDQVOHWHPSVOLVVDQWOD
VWUXFWXUHVSDWLDOH'HVPpWKRGHVG¶LQWHUSRODWLRQSUHQDQWHQFRPSWHODVWUXFWXUHGHVFKDPSVGHSOXLH
WHOOHTXHOHNULJHDJHVRQWSOXVDGDSWpHVSRXUHVWLPHUXQFKDPSGHSOXLHKpWpURJqQH/HNULJHDJHHVW
ODPpWKRGHG¶LQWHUSRODWLRQ ODSOXVXWLOLVpHHQK\GURPpWpRURORJLHHWSURYLHQWGHVJpRVWDWLVWLTXHV ,O
V¶DJLWG¶XQHPpWKRGH OLQpDLUHSRXU ODTXHOOH ODSOXLHHVWLPpHHQXQSRLQWGH O¶HVSDFHGpSHQGGHVD
GLVWDQFHDXUpVHDXGHSOXYLRPqWUHHWGHODGLVWDQFHGHFRUUpODWLRQGXFKDPSGHSOXLHpWDEOLHJUkFHj
XQ YDULRJUDPPH SOXV GH GpWDLO VXU OHV YDULRJUDPPHV GDQV OH FKDSLWUH  /¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQVSHXWpJDOHPHQWrWUHUpDOLVpHVXUGHVVXUIDFHVSDUH[HPSOHPDLOOHG¶XQPRGqOHLOV¶DJLW
DORUV GH NULJHDJH GH EORF 8QH DXWUH YDULDQWH OH NULJHDJH ODJUDQJLHQ SUHQG HQ FRPSWH OHV
GpSODFHPHQWVGHVV\VWqPHVSOXYLHX[DXFRXUVGXWHPSV/DPpWKRGHGXNULJHDJHIRXUQLWpJDOHPHQW
XQHHVWLPDWLRQTXDQWLWDWLYHGHO¶HUUHXUGµLQWHUSRODWLRQODYDULDQFHG¶HVWLPDWLRQ(QIRQFWLRQGHFHOOH
FLO¶HVWLPDWLRQGHVSUpFLSLWDWLRQVEDVpHVXUGHVUpVHDX[GHSOXYLRPqWUHVLQVLWXSRXUUDrWUHFRQVLGpUpH
FRPPHXQHUpIpUHQFHRXQRQ.LUVWHWWHUHWDO3OXVLHXUVWUDYDX[VXUODYDOLGDWLRQGHVSURGXLWV
VDWHOOLWHRQWSURSRVpGHSUHQGUHHQFRPSWHFHWWHHUUHXUVXUODUpIpUHQFHVRO ORUVGHO¶pYDOXDWLRQGHV
SURGXLWV5RFDHWDO*RVVHWHWDO
(Q$IULTXH GH O¶2XHVW  j  GHV SUpFLSLWDWLRQV VRQW SURGXLWHV SDU GHV 0&6 VH GpSODoDQW
UDSLGHPHQWG¶(VWHQ2XHVWHWFDUDFWpULVpVSDUXQIURQWFRQYHFWLILQWHQVHHWFRXUWVXLYLSDUXQHWUDLQH
VWUDWLIRUPHSHX LQWHQVHHW ORQJXH FKDSLWUH3RXUGHVSDVGHWHPSVFRXUWV LQIpULHXURXpJDODX
SDVVDJHG¶XQVHXOpYqQHPHQWFRQYHFWLIFHVFKDPSVGHSOXLHVVRQWKpWpURJqQHVHWSUpVHQWHQWGHIRUWHV
YDULDWLRQVVSDWLRWHPSRUHOOHV/DQDWXUHGHVFKDPSVGHSOXLHHWODIDLEOHGHQVLWpGHVUpVHDX[LQVLWX
HQ$IULTXH GH O¶2XHVW QpFHVVLWH O¶DSSOLFDWLRQ GH PpWKRGHV DGDSWpHV WHOOH TXH OH NULJHDJH SRXU
O¶HVWLPDWLRQGHVSUpFLSLWDWLRQVEDVpHVVXUGHVPHVXUHVLQVLWXSRQFWXHOOHV
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 Mesure indirecte spatialisée : observations spatiales et algorithmes 
/HVXLYLPpWpRURORJLTXHFRQVWLWXHODSUHPLqUHDSSOLFDWLRQFLYLOHGHODWpOpGpWHFWLRQVSDWLDOH
/¶DYqQHPHQW GH FHWWH WHFKQRORJLH SHUPHW GHSXLV OHV DQQpHV  G¶REWHQLU GHV HVWLPDWLRQV
SOXYLRPpWULTXHV j XQH pFKHOOH TXDVL JOREDOH j GHV UpVROXWLRQV WHPSRUHOOHV MRXUQDOLqUHV RX LQIUD
MRXUQDOLqUHV /¶HVWLPDWLRQ TXDQWLWDWLYH GHV SUpFLSLWDWLRQV SDU VDWHOOLWH UHSRVH VXU O¶REVHUYDWLRQ GH
FHUWDLQHVFDUDFWpULVWLTXHVGHVQXDJHVSOXVRXPRLQVFRUUpOpHVDX[SUpFLSLWDWLRQVWRXFKDQWODVXUIDFH
WHUUHVWUHRFpDQLTXHRXFRQWLQHQWDOH LOV¶DJLWGRQFG¶XQHPHVXUHLQGLUHFWHGHVSUpFLSLWDWLRQV'HV
UDGLRPqWUHVHPEDUTXpVVXUGHVSODWHIRUPHVVDWHOOLWHVPHVXUHQWGLIIpUHQWHVFDUDFWpULVWLTXHVGHVQXDJHV
HQIRQFWLRQGHOHXUIUpTXHQFHG¶RSpUDWLRQ/HSULQFLSHGHFHVPHVXUHVHVWLQWLPHPHQWOLpjODVWUXFWXUH
YHUWLFDOHGHV V\VWqPHVSUpFLSLWDQWVFRQYHFWLIV UHSUpVHQWpH)LJXUH/DSDUWLH VXSpULHXUHGHFHV
V\VWqPHVFRQYHFWLIV DXGHVVXVGHNPHQ]RQH WURSLFDOH HVWFRQVWLWXpHGHSDUWLFXOHVQXDJHXVHV
JODFpHV$XFRXUVGHVSURFHVVXVPLFURSK\VLTXHVGHJHQqVHGHVSUpFLSLWDWLRQVFHVSDUWLFXOHVQXDJHXVHV
FURLVVHQWHWFKXWHQWGHVRUWHTXHODSDUWLHPpGLDQHGXSURILOYHUWLFDOjNPSRXUOHV0&6VDKpOLHQV
HVWFRQVWLWXpHGHJURVFULVWDX[SUpFLSLWDQWV&HVSDUWLFXOHVIRQGHQWHQWUDYHUVDQWO¶LVRWKHUPHNP
G¶DOWLWXGHSRXUOHV0&6VDKpOLHQVSRXUFRQVWLWXHUODSOXLHGDQVOHVEDVVHVFRXFKHVGHO¶DWPRVSKqUH
a) IR 
 

b) Basses Fréquences MO 
Émission/absorption 

c) Hautes Fréquences MO 
Diffusion 

)LJXUH6FKpPDWLVDWLRQGHVSURFHVVXVQXDJHX[REVHUYpVSDUOHV,5RXOHV02
VRXUFH&20(7KWWSPHWHGXFDUHGX
&KURQRORJLTXHPHQWFHVRQWOHVLPDJHXUV,QIUD5RXJHV,5TXLRQWSHUPLVOHVSUHPLqUHVHVWLPDWLRQV
VDWHOOLWHVGHVSUpFLSLWDWLRQVYLDODWHPSpUDWXUHGHEULOODQFH7%GXVRPPHWGHVQXDJHV)LJXUH
D LQGLUHFWHPHQW UHOLpH DX[ SUpFLSLWDWLRQV /HV QXDJHV KDXWV HW IURLGV FDUDFWpULVWLTXHV GH OD
FRQYHFWLRQSURIRQGHWURSLFDOHVRQWVWDWLVWLTXHPHQWDVVRFLpVjXQH IRUWHSUREDELOLWpGHSOXLH &¶HVW
SRXUTXRLGHVPpWKRGHVEDVpHVVXU O¶RFFXUUHQFHGHQXDJHVjVRPPHWVIURLGVSHUPHWWHQWXQHERQQH
HVWLPDWLRQGHVSOXLHVjGHVpFKHOOHVUHODWLYHPHQWJURVVLqUHMRXUV(QUHYDQFKHLOQ¶\DSDVGHOLHQ
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GLUHFWHQWUH OD7%PHVXUpHHW ODTXDQWLWpGHSOXLH WRXFKDQW OH VRODXPrPHSRLQWHW LQVWDQW$GHV
pFKHOOHVVSDWLRWHPSRUHOOHVILQHVDXPRLQVMRXUO¶HVWLPDWLRQGHSOXLHEDVpHVXUODVHXOHPHVXUH
,5HVWDVVRFLpHjGHIRUWHVHUUHXUVUHYXHGDQV&KDPERQHWDOE/¶LPDJHULHYLVLEOHSHXWrWUHXQ
FRPSOpPHQWLQWpUHVVDQWPDLVHOOHQ¶HVWXWLOHTXHSHQGDQWOHMRXU
/HVLPDJHXUV,5VRQWHPEDUTXpVVXUGHVVDWHOOLWHVJpRVWDWLRQQDLUHVjKDXWHDOWLWXGHHWODUJHIDXFKpH
*2(60HWHRVDW*06SHUPHWWDQW O¶DFTXLVLWLRQG¶LPDJHV WRXWHV OHVjPLQXWHVHWRQWXQH
UpVROXWLRQVSDWLDOHW\SLTXHGHNP&HWWHKDXWHUpSpWLWLYLWpVSDWLRWHPSRUHOOHSUpVHQWHXQDWRXWSRXU
OHVPHVXUHV,5PDOJUpOHXUFDUDFWqUHWUqVLQGLUHFWHWO¶HUUHXUDVVRFLpH
'HSXLVOHVDQQpHVXQVDXWTXDOLWDWLIGDQVO¶HVWLPDWLRQGHVSUpFLSLWDWLRQVSDUVDWHOOLWHDpWpUpDOLVp
JUkFHDX[LPDJHXUV0LFUR2QGHV02TXLSHUPHWWHQWXQHPHVXUHSOXVGLUHFWHGHVSUpFLSLWDWLRQV
YLD OHV VLJQDX[ G¶pPLVVLRQ G¶DEVRUSWLRQ )LJXUH   E HW GH GLIIXVLRQ )LJXUH   F GHV
K\GURPpWpRUHVFULVWDX[GHJODFHHWJRXWWHVG¶HDX/HVJRXWWHVGHSOXLHpPHWWHQWGHO¶pQHUJLHGDQVOH
GRPDLQHGHV02GDQVOHVJDPPHVGHIUpTXHQFHj*+])LJXUHE$FHVIUpTXHQFHVOD
VLJQDWXUHGHVSUpFLSLWDWLRQVHVWELHQPDUTXpHDXGHVVXVGHVRFpDQVHWGHVJUDQGHVpWHQGXHVG¶HDXTXL
pPHWWHQW SHXPDLV HOOH HVW SOXV DPELJH DXGHVVXV GHV VXUIDFHV FRQWLQHQWDOHV TXL pPHWWHQW DXVVL
'DQVFHFDVO¶HVWLPDWLRQGHODSOXLHV¶DSSXLHVXUODGLIIXVLRQSDU ODJODFHDWPRVSKpULTXHGHV02
GDQV OHV IUpTXHQFHV pJDOHV HW VXSpULHXUHV j  *+] )LJXUH F$ FHV IUpTXHQFHV OHV JURV
K\GURPpWpRUHVJODFpVHQVXVSHQVLRQDXGHVVXVGHODSOXLHDWWpQXHQWSDUGLIIXVLRQOHVVLJQDX[pPLV
SDU OD SOXLH HW OD VXUIDFH /¶HVWLPDWLRQ GDQV FHWWH JDPPH GH IUpTXHQFH H[SORLWH OH OLHQ HQWUH OHV
SURSULpWpVSK\VLTXHVHWUDGLDWLYHVGHVJURVFULVWDX[VLWXpVjTXHOTXHVNPGXVROHWODSOXLHHQVXUIDFH
/HVDOJRULWKPHVXWLOLVpVVRQWHQJpQpUDOGHW\SHED\pVLHQ9LOWDUGHWDO.XPPHURZHWDO
HWV¶DSSXLHQWVXUGHVPRGqOHVGHWUDQVIHUWUDGLDWLIHWGHVEDVHVGHGRQQpHVVXUOHVSURILOVYHUWLFDX[
G¶K\GURPpWpRUHV LVVXV GH PRGqOHV DWPRVSKpULTXHV RX G¶REVHUYDWLRQV UDGDU /HV02 SDVVLIV QH
SHUPHWWHQW WRXMRXUV SDV XQH PHVXUH GLUHFWH GHV SUpFLSLWDWLRQV GH VXUIDFHPDLV DPpOLRUHQW OHXU
HVWLPDWLRQHQFRPSDUDLVRQDX[,5'HVERLVHWDOUHYXHGDQV&KDPERQHWDOE
(PEDUTXpVVXUGHVVDWHOOLWHVGpILODQWGHEDVVHDOWLWXGHODIUpTXHQFHGHUHYLVLWHGHFHVFDSWHXUV02
GpSHQGGHO¶RUELWHHWHVWHQJpQpUDOGHSDVVDJHVSDUMRXU/DIDXFKpHHWODUpVROXWLRQVSDWLDOHGHOHXUV
DFTXLVLWLRQVVRQWSOXVIDLEOHVTXHFHOOHVGHVLPDJHXUV,5/HVGLIIpUHQWVDOJRULWKPHVG¶HVWLPDWLRQGHV
SUpFLSLWDWLRQVDVVRFLHQWIUpTXHPPHQWOHVGRQQpHV,5G¶XQHERQQHFRXYHUWXUHVSDWLDOHHWUpSpWLWLYLWp
WHPSRUHOOHDX[GRQQpHV02PRLQVIUpTXHQWHVPDLVSHUPHWWDQWGHSOXVSUpFLVpPHQWHVWLPHUODSOXLH
&HUWDLQVGHVDOJRULWKPHVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQV LQWqJUHQWGHVGRQQpHV LQVLWXHQSOXVGHV
PHVXUHVVDWHOOLWHV/D)LJXUHLOOXVWUHOHVGLIIpUHQWHVPHVXUHVGH7%UpDOLVpHDXGHVVXVGHO¶$IULTXH
GHO¶2XHVWSDU,5RX02
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 
)LJXUH   ,OOXVWUDWLRQ GH0&6 REVHUYpV SDU ,5 D0HWHRVDW HW02 E 70,7500 FDQDO
*K]FRXUWRLVLHGH.5DPDJH
/HU{OHGHVV\VWqPHVFRQYHFWLIVWURSLFDX[GDQVOHFOLPDWJOREDOOHVHQMHX[OLpVjO¶HDXHWOHGpILFLWGH
UpVHDX[GHSOXYLRJUDSKHVHWGHUDGDUVPpWpRURORJLTXHVHQ]RQHWURSLFDOHRQWPRWLYpOHGpYHORSSHPHQW
GHVPHVXUHVVSDWLDOHVGDQVFHVUpJLRQV'HSXLVOHVDQQpHVSOXVLHXUVPLVVLRQVRQWpWpFRQVDFUpHV
jO¶DPpOLRUDWLRQGHODFRXYHUWXUHGHODFHLQWXUHWURSLFDOHJUkFHjO¶LQFOLQDLVRQGHOHXURUELWH(Q
OH ODQFHPHQW GH OD7URSLFDO 5DLQIDOO0HDVXUHPHQW0LVVLRQ 7500 KWWSSPPQDVDJRYWUPP
DYHF j ERUG XQH JDPPH GH FDSWHXUV SDVVLIV PDLV DXVVL OH SUHPLHU UDGDU VDWHOOLWDLUH GpGLp DX[
SUpFLSLWDWLRQV 35 SRXU 3UHFLSLWDWLRQ 5DGDU D pWp XQH FRQWULEXWLRQ PDMHXUH j O¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQV WURSLFDOHV /H 35 GH 7500 D SHUPLV GH PLHX[ GRFXPHQWHU OD VWUXFWXUH
WULGLPHQVLRQQHOOH GHV V\VWqPHV FRQYHFWLIV WURSLFDX[ HW D FRQWULEXp j DPpOLRUHU HW HQWUDvQHU OHV
DOJRULWKPHVG¶HVWLPDWLRQEDVpVVXUOHVFDSWHXUVSDVVLIV,5HW02/DPLVVLRQ7500DFDWDO\VpOH
GpYHORSSHPHQW G¶XQH QRXYHOOH JpQpUDWLRQ GH SURGXLWV SOXYLRPpWULTXHV GRQW FHUWDLQV VRQW XWLOLVpV
GDQVOHFDGUHGHFHWWHWKqVHHWVRQWGpFULWVFLGHVVRXV8QQRXYHDXSDVDpWpIUDQFKLHQDYHFOD
PLVVLRQ IUDQFRLQGLHQQH 0HJKD7URSLTXHV 07 KWWSPHJKDWURSLTXHVLSVOSRO\WHFKQLTXHIU
GpGLpHDXF\FOHGHO¶HDXHWGHO¶pQHUJLHGHO¶DWPRVSKqUHWURSLFDOH6RQRUELWHWUqVLQFOLQpH)LJXUH
DPpOLRUH O¶pFKDQWLOORQQDJHGHV WURSLTXHVDYHFSDVVDJHV SDU MRXUHQPR\HQQHj OD ODWLWXGHGH
1LDPH\
'HQRVMRXUVODFRQVWHOODWLRQGHOD*OREDO3UHFLSLWDWLRQ0LVVLRQ*30KWWSSPPQDVDJRY*30
EDVpH VXU XQ FRQVRUWLXP HQWUH SOXVLHXUV DJHQFHV VSDWLDOHV LQWHUQDWLRQDOHV 1$6$ -$;$&1(6
,65212$$(80(76$7UHJURXSHWRXVOHVUDGLRPqWUHVGpGLpVjO¶HVWLPDWLRQGHVSUpFLSLWDWLRQV
HWSRUWpVSDUGLIIpUHQWHVSODWHIRUPHVVDWHOOLWHV07IDLWSDUWLHGHODFRQVWHOODWLRQ*30GRQWLOUHQIRUFH
ODFRXYHUWXUHWURSLFDOH/HVDWHOOLWHQLSSRDPpULFDLQ*30&RUH2EVHUYDWRU\ ODQFpHQ IpYULHU
SRUWH XQ UDGDU ELIUpTXHQFH .X.D TXL GHYUDLW SHUPHWWUH GH SURJUHVVHU HQFRUH GDQV OD
FRPSUpKHQVLRQ GHV SUpFLSLWDWLRQV HW OHXU HVWLPDWLRQ TXDQWLWDWLYH 8QH DXWUH QRXYHDXWp GDQV
O¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV HVW O¶XWLOLVDWLRQ GH SOXV HQ SOXV FRXUDQWH GHV UDGLRPqWUHV GH W\SH
a) b) 
CHAPITRE 2 | Estimation des précipitations : du réseau de pluviomètres à la constellation satellite 
 
53 
 
VRQGHXUV FRQoXV SRXU O¶HVWLPDWLRQ GHV SURILOV GH YDSHXU G¶HDX HQ YXH GH O¶DVVLPLODWLRQ GDQV OHV
PRGqOHV GH SUpYLVLRQ PpWpRURORJLTXH %LHQ TXH PRLQV DGDSWpV j O¶HVWLPDWLRQ GH SOXLH TXH OHV
LPDJHXUVLOVDSSRUWHQWpJDOHPHQWXQHLQIRUPDWLRQVXUODVLJQDWXUHPLFURRQGHGHVSUpFLSLWDWLRQVHW
SHUPHWWHQW G¶DXJPHQWHU OD TXDQWLWp G¶LQIRUPDWLRQ GLVSRQLEOH SRXU UpDOLVHU GHV SURGXLWV
SOXYLRPpWULTXHV KDXWHUpVROXWLRQ /¶HQVHPEOH GHV VDWHOOLWHV FRQVWLWXDQW OD FRQVWHOODWLRQ *30 HVW
UHSUpVHQWpGDQVOD)LJXUH
 
)LJXUH6FKpPDWLVDWLRQGHODFRQVWHOODWLRQ*30
VRXUFHKWWSSPPQDVDJRYLPDJHJDOOHU\JSPFRQVWHOODWLRQ

 Description des produits utilisés 
'H QRPEUHX[ SURGXLWV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV UpJLRQDX[ RX JOREDX[ LQVLWX RX
VDWHOOLWHV VRQW GLVSRQLEOHV OLEUHPHQW /HV VLWHV GH O¶,QWHUQDWLRQDO 3UHFLSLWDWLRQ :RUNLQJ *URXS
,3:* ZZZLVDFFQULWaLSZJ HW GH O¶,QWHUQDWLRQDO 5HVHDUFK ,QVWLWXWH ,5,
KWWSLULGOOGHRFROXPELDHGX6285&(6 UpSHUWRULHQW GH QRPEUHX[ MHX[ GH GRQQpHV HW GRQQHQW
DFFqVjODGRFXPHQWDWLRQHWDX[GRQQpHVGHVGLIIpUHQWVSURGXLWVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQV8QH
GL]DLQHGHSURGXLWVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVDpWpXWLOLVpHGDQVFHWWHpWXGHSURGXLWV VRQW
EDVpVVXUGHVGRQQpHVLQVLWXGRQWQRQOLEUHVG¶DFFqVVXUGHVGRQQpHVVDWHOOLWHVWRXVOLEUHV
GRQWLQWpJUDQWGHVGRQQpHVLQVLWX/¶HQVHPEOHGHFHVSURGXLWVHVWGpFULWGDQVFHSDUDJUDSKHHWXQH
V\QWKqVHGHOHXUVFDUDFWpULVWLTXHVHVWGLVSRQLEOH7DEOHDX

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 Produits basés sur des mesures in-situ 
 Données locales : degré carré de Niamey (KRIG-DENSE) 
/H SURJUDPPH $00$ SRXU $IULFDQ 0RQVRRQ 0XOWLGLVFLSOLQDU\ $QDO\VLV HW VRQ
REVHUYDWRLUH SRXU OH &RXSODJH GH O¶$WPRVSKqUH 7URSLFDOH HW GX &\FOH +\GURORJLTXH $00$
&$7&+SHUPHWWHQWOHVXLYLGHSOXVLHXUVVLWHVG¶H[SpULPHQWDWLRQ0DOL1LJHU%HQLQHWODPLVHHQ
SODFH GH FDPSDJQHV WHUUDLQ GHSXLV OHV DQQpHV  SRXU OD FRPSUpKHQVLRQ GHV SURFHVVXV
FOLPDWLTXHV K\GURORJLTXHV HW pFRORJLTXHV HQ$IULTXH GH O¶2XHVW KWWSZZZDPPDFDWFKRUJ HW
DXVVL/HEHOHWDOHW/HVGRQQpHVSOXYLRPpWULTXHVGXVLWHGX1LJHU GDQV ODUpJLRQGH
1LDPH\UpFROWpHVGHSXLVVRQWXWLOLVpHVGDQVFHWWHpWXGHHQWDQWTXHUpIpUHQFH&HVLWHGH
VRLWGHJUpFDUUpHVWFHQWUpj1HW(HWFRPSUHQGODYLOOHGH1LDPH\)LJXUH,OHVW
LQWHQVpPHQW LQVWUXPHQWp HW FRPSRUWH XQ UpVHDX GHQVH GH SOXYLRJUDSKHV FRPSULV HQWUH  HW 
VWDWLRQVVHORQOHVDQQpHV)LJXUHD9LVFKHOHWDO'HVFKDPSVGHSOXLHVHWWUL
KRUDLUHVVRQWGpULYpVGHFHVGRQQpHVSRQFWXHOOHV jPLQXWHVjSDUWLUG¶XQH LQWHUSRODWLRQVSDWLDOH
EDVpH VXU OD WHFKQLTXH GX NULJHDJH/DJUDQJLHQ 9LVFKHO HW DO 'H SDU VD GHQVLWp OH UpVHDX
$00$&$7&+DGpMjpWpFRQVLGpUpFRPPHUpIpUHQFHGDQVGHQRPEUHXVHVpWXGHVGHYDOLGDWLRQGHV
SURGXLWVVDWHOOLWHVHQ$IULTXHGHO¶2XHVW.LUVWHWWHUHWDO5RFDHWDO*RVVHWHWDO
*XLOORWHDX HW DO  (W *RVVHW HW DO  RQW PRQWUp TX¶j O¶pFKHOOH M O¶HUUHXU
G¶HVWLPDWLRQGHVSUpFLSLWDWLRQVEDVpHVVXUOHNULJHDJHjSDUWLUGHVGRQQpHVGXUpVHDX$00$&$7&+
HVWLQIpULHXUHjODGLIIpUHQFHVDWHOOLWHVRO&HVGRQQpHVVHURQWXQHIRLVGHSOXVXWLOLVpHVLFLSRXUpYDOXHU
OHVDXWUHVSURGXLWVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVGDQVFHFKDSLWUHHWOHFKDSLWUH'DQVODVXLWHGX
PDQXVFULWFHSURGXLWG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVHVWQRWp.5,*'(16(

 Données régionales : réseaux d’Afrique de l’Ouest (KRIG) 
'HVGRQQpHVSOXYLRPpWULTXHVVRQWUHOHYpHVHQ$IULTXHGHSXLVOHqPHVLqFOH1LFKROVRQHWDO
 PDLV QH VRQW SDV WRXMRXUV IDFLOHPHQW DFFHVVLEOHV /H UDVVHPEOHPHQW GH GRQQpHV
SOXYLRPpWULTXHVHQ$IULTXHGHO¶2XHVWDHQWUHDXWUHpWpLQLWLDOLVpSDU O¶,QVWLWXWGHUHFKHUFKHSRXUOH
'pYHORSSHPHQW ,5' DQFLHQQHPHQW DSSHOp 256720 2IILFH GH OD 5HFKHUFKH 6FLHQWLILTXH HW
7HFKQLTXH2XWUH0HU/H%DUEpHWDORQWSRXUVXLYLODPLVHHQSODFHGHODEDVHVGHGRQQpHV
SURYHQDQW GH GLIIpUHQWV LQVWLWXWV ± OH &HQWUH ,QWHU(WDWV G¶(WXGHV+\GUDXOLTXHV &,(+ OH FHQWUH
$*5URPHWHRURORJ\+<GURORJ\0(7HRURORJ\$*5+<0(7±DILQGHFUpHUXQMHXGHGRQQpHVGH
SUpFLSLWDWLRQVMRXUQDOLqUHVHQ$IULTXHGHO¶2XHVWHQWUHHWDYHFXQHGHQVLWpVSDWLDOHG¶DX
PRLQVSOXYLRPqWUHSRXUNPð3DQWKRXHWDORQWUpDFWXDOLVpFHMHXGHGRQQpHVSRXUOH
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6DKHOFHQWUHHWRXHVWMXVTX¶HQJUkFHDX['LUHFWLRQVGHOD0pWpRURORJLH1DWLRQDOHV'01GX
%pQLQGX%XUNLQD)DVRHWGX1LJHU(QILQ OH/DERUDWRLUHG¶pWXGHGHV7UDQVIHUWVHQ+\GURORJLHHW
(QYLURQQHPHQW/7+(79LVFKHOHW*4XDQWLQDDFWXDOLVpFHVGRQQpHVMXVTX¶HQSRXUOH6DKHO
FHQWUHHWRXHVW/HUpVHDXGHSOXYLRPqWUHVXWLOLVpDXQHFRXYHUWXUHKpWpURJqQHGDQVOHWHPSVHWGDQV
O¶HVSDFHHWOHQRPEUHGHVWDWLRQVYDULHHQWUHHW)LJXUHEVXUODERvWHFHQWUpHVXUOHEDVVLQ
GXELHI$QVRQJR1LDPH\)LJXUHG¶XQHVXSHUILFLHG¶HQYLURQNPð&HVFKLIIUHVUHIOqWHQW
OHQRPEUHGHVWDWLRQVXWLOLVpHVGDQV ODEDVHGHGRQQpHVGX/7+(LQIpULHXUDXQRPEUHGHVWDWLRQV
RSpUDWLRQQHOOHV /HV GRQQpHV SRQFWXHOOHV MRXUQDOLqUHV GHV VWDWLRQV VRQW LQWHUSROpHV SDU NULJHDJH
RUGLQDLUH$OLHWDODHWESRXUREWHQLUXQSURGXLWG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVMRXUQDOLqUHV
G¶XQHUpVROXWLRQVSDWLDOHGH/7+(79LVFKHOHW*4XHQWLQ'DQVODVXLWHGXPDQXVFULW
FHSURGXLWG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVHVWQRWp.5,*

 Données globales : réseaux du Climate Prediction Center (CPC) 
/H &OLPDWH 3UHGLFWLRQ &HQWUH GH OD 1DWLRQDO 2FHDQLF DQG $WPRVSKHULF $GPLQLVWUDWLRQ
12$$PHWjGLVSRVLWLRQXQMHXGHGRQQpHVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVOH&3&8QLILHG*DXJH
%DVHG$QDO\VLVRI*OREDO'DLO\3UHFLSLWDWLRQGLVSRQLEOHjO¶pFKHOOHJOREDOHGHSXLVjXQSDVGH
WHPSV MRXUQDOLHU HW XQH UpVROXWLRQ VSDWLDOH GH  &KHQ HW DO 
KWWSIWSFSFQFHSQRDDJRYSUHFLS&3&B81,B35&3*$8*(B*/%/HUpVHDXVXUOHTXHOVHEDVH
OH&3&FRPELQHOHVGRQQpHVGHVVWDWLRQVPpWpRURORJLTXHVRSpUDWLRQQHOOHVWUDQVPLVHVYLDOH*OREDO
7HOHFRPXQLFDWLRQ6\VWHP*76HWWURLVEDVHVGHGRQQpHVUpJLRQDOHVVXUOHVeWDWV8QLVOH0H[LTXH
HW O
$PpULTXH GX 6XG(Q$IULTXH GH O¶2XHVW FH UpVHDX HVW SOXW{W OkFKH HW VXU OH EDVVLQ GX ELHI
$QVRQJR1LDPH\ODPR\HQQHDQQXHOOHGXQRPEUHGHSOXYLRPqWUHVYDULHHQWUHHW)LJXUH
E/HSURGXLW&3&HVWEDVpVXUXQHPpWKRGHG¶LQWHUSRODWLRQFKRLVLHSRXUSHUPHWWUHXQHHVWLPDWLRQ
RSWLPDOH GHV SUpFLSLWDWLRQV SRXU GLIIpUHQWHV FRQGLWLRQV FOLPDWLTXHV HW GH GHQVLWp GH UpVHDX[
LQWHUSRODWLRQ RSWLPDOH GH *DQGLQ  /HV HUUHXUV G
HVWLPDWLRQ QH VRQW SDV IRXUQLHV SRXU FH
SURGXLWPDLVLOHVWpYLGHQWTX¶HQUDLVRQGHODIDLEOHGHQVLWpGXUpVHDXXWLOLVpOHVHUUHXUVOLpHVDXVRXV
pFKDQWLOORQQDJHVSDWLDOVRQW LQpOXFWDEOHV&KHQHWDO'DQVODVXLWHGXPDQXVFULWFHSURGXLW
G¶HVWLPDWLRQGHVSUpFLSLWDWLRQVHVWQRWp&3&




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

)LJXUH&DUWHGXEDVVLQGX1LJHUDYHFOHSRVLWLRQQHPHQWGHVERvWHVFRQWHQDQWOHGHJUpFDUUp
GH1LDPH\ERvWHURXJHHWOD]RQHG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVGH.5,*ERvWHJULVHSRLQWLOOpH


 
)LJXUH(YROXWLRQGXQRPEUHGHSOXYLRJUDSKHVXWLOLVpVSRXUOHVSURGXLWV LQVLWXGHj
VXUOHGHJUpFDUUpGH1LDPH\DHWOHEDVVLQGXELHI$QVRQJR1LDPH\EOHVSOXYLRJUDSKHV
H[WHUQHVDXEDVVLQGXELHISRXYDQWSDUWLFLSHUDX.5,*QHVRQWSDVGpFRPSWpV
 

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 Produits basés sur des mesures satellites 
 Tropical Amount of Precipitaion with an Estimate of 
ERrorrs (TAPEER) 
/DUpFHQWHPLVVLRQIUDQFRLQGLHQQH&1(6,65207)LJXUH'HVERLVHWDO5RFD
HWDOODQFpHHQHWLPSOLTXpHGDQVODFRQVWHOODWLRQ*30DPLVDXSRLQWXQQRXYHDXSURGXLW
G¶HVWLPDWLRQGHVSUpFLSLWDWLRQVSRXUODFHLQWXUHWURSLFDOH7$3((5&KDPERQHWDOE5RFDHW
DOGLVSRQLEOHGHSXLVDYHFXQHUpVROXWLRQGHM&HSURGXLWDVVRFLHjO¶HVWLPDWLRQGH
O¶LQWHQVLWpMRXUQDOLqUHGHVSUpFLSLWDWLRQVXQHHUUHXUG¶HVWLPDWLRQGpFULWHHQGpWDLOGDQVOHFKDSLWUH
/HVDWHOOLWH07HVWGpGLpj ODFHLQWXUHWURSLFDOHJUkFHjVRQRUELWH WUqV LQFOLQpHSDUUDSSRUWj
O¶(TXDWHXU )LJXUH   HW DPpOLRUH O¶pFKDQWLOORQQDJH GH FHWWH UpJLRQ 07 HVW pTXLSp GH WURLV
LQVWUXPHQWVYLVDQWjDPpOLRUHUODFRPSUpKHQVLRQGHVF\FOHVGHO¶HDXHWGHO¶pQHUJLHHQ]RQHWURSLFDOH
0$'5$6 0LFURZDYH $QDO\VLV DQG 'HWHFWLRQ RI 5DLQ DQG $WPRVSKHULF 6WUXFWXUHV 6$3+,5
6RXQGHU IRU$WPRVSKHULF 3URILOLQJ RI +XPLGLW\ LQ WKH ,QWHUWURSLFV E\ 5DGLRPHWU\ HW 6FD$D%
6FDQQHUIRU5DGLDWLRQ%XGJHW/HSURGXLW7$3((5HVWLVVXGHWDX[GHSOXLHLQVWDQWDQpVGpULYpVGH
PHVXUHV02JUkFHjO¶DOJRULWKPH%5$,1%D\HVLDQ5HWULHYDO$OJRULWKP,QFOXGLQJ1HXUDO1HWZRUN
9LOWDUGHWDO.LUVWHWWHUHWDOTXLVRQWSDUODVXLWHFRPELQpVjGHVVpULHVWHPSRUHOOHV,5
JUkFH j OD WHFKQLTXH 8$*3, SRXU REWHQLU GHV FXPXOV GH SOXLH MRXUQDOLHUV /D PpWKRGH 8$*3,
8QLYHUVDOO\$GMXVWHG*2(63UHFLSLWDWLRQ ,QGH[;XHWDO UHSRVHVXU O¶HVWLPDWLRQGHGHX[
SDUDPqWUHVOHVHXLOGHWHPSpUDWXUHGHEULOODQFH7%VHXLOHWOHWDX[GHSOXLHFRQGLWLRQQHOPR\HQ5FRQG
&HVSDUDPqWUHVSHUPHWWHQWGHGpWHUPLQHUOHVWDX[GHSOXLHVHQIRQFWLRQGHODWHPSpUDWXUHGHEULOODQFH
GHVQXDJHVLVVXHGHVGRQQpHV,56DQVDMXVWHPHQWFHVSDUDPqWUHVSURYLHQQHQWG¶XQHEDVHGHGRQQpHV
JOREDOH PDLV SRXU SOXV GH SUpFLVLRQ OD PpWKRGH 8$*3, FRPSRUWH XQH SKDVH G¶HQWUDvQHPHQW
SHUPHWWDQW G¶HVWLPHU ORFDOHPHQW OD YDOHXU GH FHV SDUDPqWUHV 3RXU 7$3((5 OH GRPDLQH
G¶HQWUDvQHPHQWFRUUHVSRQGjGHVIHQrWUHVGHMSRXU7%VHXLOHWGHMSRXU5FRQGFHQWUpHV
VXUOHSL[HOHWOHMRXUSRXUOHTXHOO¶HVWLPDWLRQGXFXPXOGHSUpFLSLWDWLRQVHVWHIIHFWXpH/HVPHVXUHV
02SURYLHQQHQWGHVUDGLRPqWUHVGHVPLVVLRQV070$'5$6750070,SDUDJUDSKHVXLYDQW
'063660,6SHFLDO6HQVRU0LFURZDYH,PDJHUHW*&20:$065($GYHQFHG0LFURZDYH
6FDQQLQJ5DGLRPHWHU±(DUWK2EVHUYLQJ6\VWHP0DLVGHSXLVMDQYLHUOHUDGLRPqWUH0$'5$6
VXU07HVWKRUVVHUYLFHHWQ¶HVWSOXVFDSDEOHGH UpDOLVHUG¶DFTXLVLWLRQ&HWWHSDQQHGXUDGLRPqWUH
GpGLpjODSOXLHDLQFLWpOHVpTXLSHV07jGpYHORSSHUXQHPpWKRGHG¶HVWLPDWLRQGHODSOXLHLQVWDQWDQpH
j SDUWLU GX VRQGHXU 6$3+,5 GRQW OHV FDQDX[ GDQV OH GRPDLQH  *+] VRQW VHQVLEOHV DX[
K\GURPpWpRUHVJODFpV/DYHUVLRQGH7$3((5XWLOLVpHGDQVFHWWHWKqVHYHUVLRQLQWqJUHGRQFOHV
GRQQpHV 6$3+,5 HW QRQ 0$'5$6 /HV VpULHV WHPSRUHOOHV GH PHVXUHV ,5 SURYLHQQHQW GHV
UDGLRPqWUHVGHVVDWHOOLWHV*2(606*0HWHRVDWHW076$7VHORQOD]RQHGXJOREH
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
)LJXUH(QKDXWYXHG¶DUWLVWHGXVDWHOOLWH0HJKD7URSLTXHVODQFpOHRFWREUHVRXUFH
KWWSFQHVIU(QEDVWUDFHDXVROGHVRQRUELWHSRXUXQHGXUpHGHMRXUVRXUFH'HVERLVHWDO


 TRMM Multisatellite Precipitation Analysis (TMPA) 
/D PLVVLRQ7500 1$6$-$;$ ODQFpH HQ  HVW j O¶RULJLQH GH SOXVLHXUV SURGXLWV
G¶HVWLPDWLRQGHVSUpFLSLWDWLRQV703$SRXU75000XOWLVDWHOOLWH3UHFLSLWDWLRQ$QDO\VLV+XIIPDQ
HWDOHWDFWXDOLVDWLRQVXUIWSPHVRDJVIFQDVDJRYSXEWUPPGRFV%B%BGRFSGI&H
VDWHOOLWH GpGLp j O¶pWXGH GHV SUpFLSLWDWLRQV GH OD FHLQWXUH WURSLFDOH HVW pTXLSp HQWUH DXWUH GH
UDGLRPqWUHV,59LVLEOHDQG,QIUDUHG6FDQQHU9,560275000LFURZDYH,PDJHU70,HWG¶XQ
UDGDU GpGLp DX[ SUpFLSLWDWLRQV 3UHFLSLWDWLRQ 5DGDU 35 /HV DOJRULWKPHV GHV SURGXLWV 703$
FRPELQHQWOHVGRQQpHVSURYHQDQWGHGLYHUVVDWHOOLWHV7500HWDXWUHVHWVHEDVHQWVXUpWDSHVOD
FDOLEUDWLRQHWODFRPELQDLVRQGHVHVWLPDWLRQVGHSUpFLSLWDWLRQV02 ODFUpDWLRQGHVHVWLPDWLRQVGH
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SUpFLSLWDWLRQV ,5 j SDUWLU GHV HVWLPDWLRQV 02 OD FRPELQDLVRQ GHV GHX[ W\SHV G¶HVWLPDWLRQV
SUpFpGHQWHV /
HVWLPDWLRQ GHV SUpFLSLWDWLRQV VDWHOOLWHV02 HVW EDVpH VXU OHV GRQQpHV70, 660,
$065( FRQYHUWLHV HQ SUpFLSLWDWLRQV SDU O
DOJRULWKPH *352) *RRGGDUG 3URILOLQJ$OJRULWKP
.XPPHURZHWDO2OVRQHWDOHWOHVGRQQpHV$068%$GYDQFHG0LFURZDYH6RXQGLQJ
8QLWFRQYHUWLHVHQSUpFLSLWDWLRQVSDUO
DOJRULWKPHGH:HQJHWDO/HVGRQQpHV,5VRQWLVVXHV
GH OD FRQVWHOODWLRQ LQWHUQDWLRQDOH GHV VDWHOOLWHV JpRVWDWLRQQDLUHV EDVHV GH GRQQpHV GX &OLPDWH
3UHGLFWLRQ&HQWUHHWGX7&,7500&RPELQHG,QVWUXPHQWTXLXWLOLVH70,HWOH35/DGHUQLqUH
YHUVLRQGHVSURGXLWV703$LQWqJUHpJDOHPHQWGHVGRQQpHVLVVXHVGX6RQGHXUG¶+XPLGLWp0LFURRQGH
G¶(80(76$706+&HVDOJRULWKPHVSHUPHWWHQW ODPLVHjGLVSRVLWLRQG¶XQSURGXLW WHPSV UpHO
%57GLVSRQLEOHDYHFXQGpODLGHKHXUHV8QSURGXLWSRVWDMXVWp%YGLVSRQLEOHj
MRXUVDSUqVODILQGHFKDTXHPRLVLQFOXWXQHqPHpWDSHGHFRUUHFWLRQEDVpHVXUOHVGRQQpHVPHQVXHOOHV
GX*3&3*OREDO3UHFLSLWDWLRQ&OLPDWRORJ\3URMHFW5XGROISURGXLWPL[WHVDWHOOLWH,5HW02
HWGRQQpHVLQVLWX+XIIPDQHWDO/HVSURGXLWV703$VRQWGLVSRQLEOHVjXQSDVGHWHPSV
WULKRUDLUHHWDYHFXQHUpVROXWLRQVSDWLDOHGH

 African Rainfall Estimate Algorithm version 2 (RFE2) 
5)(/RYHHWDOZZZFSFQFHSQRDDJRYSURGXFWVIHZV$)5B&/,0DIUBFOLPKWPO
HVW OD YHUVLRQ  GX SURGXLW UpJLRQDO G
HVWLPDWLRQ GHV SOXLHV HQ$IULTXH GpYHORSSp SDU OH &OLPDWH
3UHGLFWLRQ&HQWUHGHOD12$$&HSURGXLWUHPSODFH5)(GHSXLVMDQYLHU/
DOJRULWKPHGH
5)(VHEDVHVXUGLIIpUHQWHVVRXUFHVG¶LQIRUPDWLRQV LVVXHVGHPHVXUHVVDWHOOLWHV,5HW02HWLQ
VLWX /D SUHPLqUH pWDSH GH O
DOJRULWKPH FRQVLVWH j FRPELQHU OLQpDLUHPHQW OHV HVWLPDWLRQV GHV
SUpFLSLWDWLRQVVDWHOOLWHVDX[HVWLPDWLRQVLQVLWX8QSRLGVHVWDWWULEXpjFKDTXHGRQQpHVXUODEDVHGH
VRQHUUHXUSDUUDSSRUWDX[GRQQpHVLQVLWX/DVHFRQGHpWDSHFRQVLVWHjUpGXLUHOHVELDLVGHODSOXLH
HVWLPpHjO
LVVXHGHODqUHpWDSH/HVPHVXUHV02VRQWLVVXHVGHVGRQQpHVGH660,HW$068%HW
WUDLWpHVUHVSHFWLYHPHQWSDUOHVDOJRULWKPHV)HUUDURHWDOHW=DRHWDO/HVHVWLPDWLRQV
GHVSUpFLSLWDWLRQVVDWHOOLWHV,5VRQWLVVXHVGX*3,EDVpVXUOHVPHVXUHVGHVLPDJHXUV,50HWHRVDW
/HVGRQQpHVLQVLWXSURYLHQQHQWGHODEDVHGHGRQQpHVMRXUQDOLqUHGX&3&/HSURGXLW5)(DXQH
UpVROXWLRQWHPSRUHOOHGHMRXUHWVSDWLDOHGH

 Climate Prediction Centre MORPHing method (CMORPH) 
&0253+HVWOHSURGXLWVDWHOOLWHG
HVWLPDWLRQGHVSUpFLSLWDWLRQVGX&OLPDWH3UHGLFWLRQ&HQWUH
-R\FH HW DO  ZZZFSFQFHSQRDDJRYSURGXFWVMDQRZLDNFPRUSKBGHVFULSWLRQKWPO
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/
HVWLPDWLRQGHVSUpFLSLWDWLRQVGH&0253+VHEDVHVXUOHVGRQQpHVVDWHOOLWHV02VXLYDQWHV660,
DOJRULWKPH GH )HUUDUR $068% DOJRULWKPH GH )HUUDUR HW DO $065( HW 70,
DOJRULWKPHGH.XPPHURZHWDO/HVGRQQpHV,5LVVXHVGHODFRQVWHOODWLRQLQWHUQDWLRQDOHGHV
VDWHOOLWHV JpRVWDWLRQQDLUHV EDVHV GH GRQQpHV GX &OLPDWH 3UHGLFWLRQ &HQWUH VRQW XWLOLVpHV SRXU
O
LQWHUSRODWLRQVSDWLRWHPSRUHOOHGHVSUpFLSLWDWLRQVVXUGHVSpULRGHVRXGHVVXUIDFHVROHVHVWLPDWLRQV
02QHVRQWSDVGLVSRQLEOHV&0253+ HVWXQSURGXLW WHPSV UpHOGLVSRQLEOHDYHFXQGpODLGH
KHXUHVjXQHILQHUpVROXWLRQGHNP±PLQVDYHUVLRQ±KHVWXWLOLVpHGDQVFHWWHpWXGH

 Precipitation Estimation from Remotely Sensed Information using 
Artificial Neural Network (PERSIANN) 
/¶DOJRULWKPHGXSURGXLWG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVVDWHOOLWHV3(56,$116RURRVKLDQHW
DO  KWWSFKUVZHEXFLHGXUHVHDUFKVDWHOOLWHBSUHFLSLWDWLRQDFWLYLWLHVKWPO HVW EDVp VXU OHV
UpVHDX[ GH QHXURQHV HW SHXW IDFLOHPHQW LQWpJUHU GH QRXYHOOHV VRXUFHV GH GRQQpHV VHORQ OHXUV
GLVSRQLELOLWpV$O¶RULJLQH3(56,$11Q
LQWpJUDLWTXHGHVGRQQpHVVDWHOOLWHV,5PDLVLQFOXWGpVRUPDLV
GHVGRQQpHV02SURYHQDQWGX70,/HVGRQQpHV,5VRQWYDULDEOHVPDLVSURYLHQQHQWJpQpUDOHPHQW
GHVLPDJHXUVGHVVDWHOOLWHVJpRVWDWLRQQDLUHVRXHQFRUHGX9,56/HSURGXLWWHPSVUpHO3(56,$11
HVWGLVSRQLEOHDYHFXQGpODLGH MRXUVjXQSDVGHWHPSVWULKRUDLUHHWXQHUpVROXWLRQVSDWLDOHGH
'HSXLV  XQ SURGXLW SRVWDMXVWp j YRFDWLRQ FOLPDWLTXH3(56,$11&'5 SRXU
3(56,$11&OLPDWH'DWD5HFRUG HVW GLVSRQLEOH VXU OD SpULRGH SUpVHQW j XQ SDV GH WHPSV
MRXUQDOLHU HW XQH UpVROXWLRQ VSDWLDOH GH   $VKRXUL HW DO 
ZZZQFGFQRDDJRYFGURSHUDWLRQDOFGUVKWPO&HSURGXLWHVWEDVpVXUOHVDUFKLYHVGHPHVXUHV,5GX
SURGXLW *ULG6DW% ,QWHUQDWLRQDO 6DWHOOLWH &ORXG &OLPDWRORJLFDO 3URMHFW ,6&&3 HW VXU OHV
SUpFLSLWDWLRQVPHQVXHOOHVGH*3&3







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
 Performances des estimations des précipitations au Sahel 
/¶XWLOLVDWLRQG¶XQSURGXLWG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVGRLWrWUHDFFRPSDJQpHG¶XQHpWDSH
SUpOLPLQDLUH G¶DQDO\VH HW GH YDOLGDWLRQ GRQW OHV FULWqUHV pFKHOOHV FULWqUHV GH YDOLGLWp HWF«
GpSHQGHQWGHO¶DSSOLFDWLRQ8QpWDWGHO¶DUWGHVSHUIRUPDQFHVGHVSURGXLWVVDWHOOLWHVVXU ODFHLQWXUH
6DKpOLHQQH HVW GUHVVp GDQV OD SUHPLqUH VHFWLRQ GH FH SDUDJUDSKH /D VHFRQGH VHFWLRQ UpVXPH
O¶DFWXDOLVDWLRQ GH FHWWH pYDOXDWLRQ  OHV SURGXLWV GpFULWV SUpFpGHPPHQW VDWHOOLWH HW LQVLWX VRQW
FRQIURQWpVjXQHUpIpUHQFHF¶HVWjGLUHDXSURGXLWFRQVLGpUpFRPPHOHSOXVSURFKHGHODUpDOLWpLFL
FRQVWLWXp SDU OH MHX GH GRQQpHV$00$&$7&+ GX GHJUp FDUUp GH 1LDPH\ .5,*'(16( /D
WURLVLqPH VHFWLRQ FRPSDUH OHV GLIIpUHQWV SURGXLWV KRUV UpIpUHQFH j O¶pFKHOOH GH O¶DLUH G¶pWXGH OH
EDVVLQGXELHI$QVRQJR1LDPH\
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 Etat de l’art 
3OXVLHXUV pWXGHV RQW pYDOXp OHV SHUIRUPDQFHV GHV SURGXLWV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV
VDWHOOLWHV VXU ODFHLQWXUH VDKpOLHQQHjGLIIpUHQWHVpFKHOOHVVSDWLDOHVHW WHPSRUHOOHV&HVpWXGHVRQW
FRPSDUp OHV SURGXLWV VDWHOOLWHV j GHV GRQQpHV LQVLWX LQGpSHQGDQWHV GLIIpUHQWHV GH FHOOHV TXH OHV
SURGXLWV VDWHOOLWHVSRVWDMXVWpV LQWqJUHQW LVVXHVGH UpVHDX[GHSOXYLRPqWUHVSOXVRXPRLQVGHQVHV
UpVHDXGX&HQWUH,QWHU(WDWGH/XWWHFRQWUHOD6pFKHUHVVHGDQVOH6DKHO&,/66HWGXGHJUpFDUUpGH
1LDPH\G
$00$&$7&+
'HPDQLqUHJpQpUDOHOHVSURGXLWV703$DMXVWpV%YHUVLRQHWHW5)(LQWpJUDQWGHVGRQQpHV
LQVLWXSUpVHQWHQWOHVPHLOOHXUHVSHUIRUPDQFHVVXUO
HQVHPEOHGHVVWDWLVWLTXHVXWLOLVpHV*RVVHWHWDO
7KLHPLJ HW DO 3LHUUH HW DO  /H SURGXLW %Y SUpVHQWH GHV ELDLV IDLEOHV DX[
pFKHOOHVGpFDGDLUHHWMRXUQDOLqUH*XLOORWHDXHWDO*RVVHWHWDO5RFDHWDOHWXQH
ERQQHGLVWULEXWLRQVSDWLDOHjO
pFKHOOHUpJLRQDOH3LHUUHHWDOHWWUqVILQHGH*XLOORWHDXHWDO
(QUHYDQFKHLODWHQGDQFHjVXUHVWLPHUOHVIRUWVWDX[GHSOXLHDXVVLELHQjO
pFKHOOHGpFDGDLUH
TXHMRXUQDOLqUH5RFDHWDO*RVVHWHWDOHWjVRXVHVWLPHUOHQRPEUHGHMRXUVSOXYLHX[
*RVVHWHWDO/HSURGXLW%YSUpVHQWHGHVSHUIRUPDQFHVDFFUXHVSDUUDSSRUWjODYHUVLRQ
%YHQSDUWLFXOLHUHQWHUPHVGHELDLV*RVVHWHWDO/HSURGXLWUpJLRQDO5)(SUpVHQWHGHV
ERQQHVSHUIRUPDQFHVVXUOH6DKHODYHFXQELDLVIDLEOHDX[pFKHOOHVGpFDGDLUH-REDUGHWDO
PHQVXHOOHRXDQQXHOOH*RVVHWHWDOHWXQHERQQHGLVWULEXWLRQVSDWLDOHVXUODEDQGHVDKpOLHQQH
3LHUUHHWDO(QUHYDQFKHLODWHQGDQFHjVXUHVWLPHUOHQRPEUHGHMRXUVSOXYLHX[*RVVHWHWDO
+HUPDQFHHW6XOLHPDQ3LHUUHHWDOjGpIRUPHUODGLVWULEXWLRQYHUVGHVIDLEOHVWDX[
GHSOXLH*RVVHWHWDOHWSUpVHQWHXQHPRLQVERQQHGLVWULEXWLRQVSDWLDOHTXH%YjILQH
pFKHOOH *XLOORWHDX HW DO 'DQV O
HQVHPEOH OHV SURGXLWV WHPSV UpHOV %57&0253+HW
3(56,$11SUpVHQWHQWGHVELDLVSRVLWLIVSRXUWRXWHVOHVpFKHOOHVVSDWLDOHVHWWHPSRUHOOHVDERUGpHV
*XLOORWHDX HW DO  *RVVHW HW DO  3LHUUH HW DO  HW 3(56,$11 SUpVHQWH OHV
VXUHVWLPDWLRQV OHV SOXV LPSRUWDQWHV 7RXV FHV SURGXLWV GpIRUPHQW pJDOHPHQW OD GLVWULEXWLRQ GHV
LQWHQVLWpVGHVSUpFLSLWDWLRQVYHUVGHVIRUWVWDX[GHSOXLH*RVVHWHWDO(QUHYDQFKHjO
pFKHOOH
MOHXUVGLVWULEXWLRQVVSDWLDOHVHWOHXUVFRUUpODWLRQVDYHFOHVUpVHDX[SOXYLRPpWULTXHVVRQWSOXW{W
ERQQHV GDQV O
HQVHPEOH *XLOORWHDX HW DO *RVVHW HW DO  /HV ERQQHV SHUIRUPDQFHV HQ
WHUPHVGH ELDLVGHVSURGXLWVSRVWDMXVWpV %YHWYHW5)(SURYLHQQHQWGH O
LQWpJUDWLRQGH
GRQQpHVLQVLWX/HSURGXLWVDWHOOLWH5)(SRVWDMXVWpVXUOHVGRQQpHVGX&3&GRQWOHUpVHDXHVWOkFKH
VXUODEDQGHVDKpOLHQQHREWLHQWXQVFRUHSOXVEDVTXHOHVSURGXLWVVDWHOOLWHVWHPSVUpHOHQWHUPHVGH
GLVWULEXWLRQVSDWLDOHGHVSUpFLSLWDWLRQV%LWHZHW*HEUHPLFKDHORQWGpMjUHPDUTXpO¶LPSDFWGH
O¶LQWpJUDWLRQGHGRQQpHVLQVLWXGHIDLEOHGHQVLWpVXUODTXDOLWpGHO¶HVWLPDWLRQGHVSUpFLSLWDWLRQV(Q
SOXVGHVSHUIRUPDQFHVLQWULQVqTXHVGHFKDTXHSURGXLWFHVpWXGHVRQWDXVVLPLVHQpYLGHQFHOHVpFDUWV
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LQWHUSURGXLWVHQWHUPHVGHGLVWULEXWLRQVSDWLRWHPSRUHOOHHWG¶LQWHQVLWp'HVSURGXLWVSUpVHQWDQWOHV
PrPHVFXPXOVDQQXHOVSHXYHQWGLVWULEXHUGLIIpUHPPHQWOHVSUpFLSLWDWLRQV&HVQXDQFHVSHXYHQWDYRLU
GHV LPSDFWV VXU ODPRGpOLVDWLRQ K\GURORJLTXHTXDQGFHVSURGXLWV VRQWXWLOLVpVHQ WDQWTXH IRUoDJH
SOXYLRPpWULTXH 6WLVHQ DQG 6DQGKROW  %LWHZ HW *HEUHPLFKDHO  *RVVHW HW DO 
7KLHPLQJHWDO

 Analyse des performances des produits d’estimation pluviométriques 
(satellites et in-situ) sur le degré carré de Niamey 
&H VRXVSDUDJUDSKH SUpVHQWH O¶DFWXDOLVDWLRQ GH O¶pYDOXDWLRQ GHV GLIIpUHQWV SURGXLWV
G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV LQVLWX HW VDWHOOLWHV HQ OHV FRPSDUDQW j OD UpIpUHQFHLVVXH GX VLWH
G¶REVHUYDWLRQ GX GHJUp FDUUp GH 1LDPH\ G¶$00$&$7&+ .5,*'(16( GLVSRQLEOH VXU OD
SpULRGH/HSURGXLW7$3((5Q¶HVWSDVDERUGp LFLSXLVTX¶LO QHFRPSRUWHTX¶XQHDQQpH
FRPPXQH DYHF OD UpIpUHQFH PDLV OH FKDSLWUH  GpFULW HQ GpWDLO VHV FDUDFWpULVWLTXHV HW VRQ
XWLOLVDWLRQ SRXU OD PRGpOLVDWLRQ K\GURORJLTXH /¶pYDOXDWLRQ SUpVHQWpH LFL FRQFHUQH WRXV OHV DXWUHV
SURGXLWV SUpVHQWpV GDQV FH FKDSLWUH OHV SURGXLWV VDWHOOLWHV ©SXUVª RX WHPSV UpHO %57
&0253+3(56,$11OHVSURGXLWVVDWHOOLWHVSRVWDMXVWpVSDUGHVGRQQpHVLQVLWX%Y5)(
3(56,$11&'5HWOHVSURGXLWVLQVLWX.5,*HW&3&.5,*HW&3&VRQWLVVXVGHUpVHDX[PRLQV
GHQVHVTXH.5,*'(16(HWQHVRQWGRQFSDVFRQVLGpUpVFRPPHGHVUpIpUHQFHV$FHWLWUHLOVVRQW
pJDOHPHQWLQFOXVGDQVO¶pYDOXDWLRQ/HVSURGXLWVGLWVKLVWRULTXHV.5,*&3&HW3(56,$11&'5
GLVSRQLEOHVGHSXLVDXPRLQV7DEOHDXSHXYHQWrWUHFRPSDUpVjODUpIpUHQFHVXUWRXWHOD
SpULRGH(QUHYDQFKHOHVDXWUHVSURGXLWVQHFRPSRUWHQWTXHDQQpHVFRPPXQHVDYHFOD
UpIpUHQFH RX  SRXU5)( HW  SRXU&0253+ HQWUH  HW  /D FRPSDUDLVRQ DYHF OD
UpIpUHQFHHVWHIIHFWXpHVXUOHGHJUpFDUUpGH1LDPH\VRLWXQHERvWHGHSL[HOVGH)LJXUH
7RXVOHVSURGXLWVVRQWUDPHQpVjFHWWHUpVROXWLRQVSDWLDOHLSDUDJUpJDWLRQSRXUOHVSURGXLWV
GHUpVROXWLRQVSDWLDOHODYDOHXUGXQRXYHDXSL[HOFRUUHVSRQGjODPR\HQQHGHVSL[HOV
G¶RULJLQHLLRXSDUGpVDJUpJDWLRQVSDWLDOHXQLIRUPHSRXUOHVSURGXLWVGHUpVROXWLRQVSDWLDOH
HQFRQVLGpUDQWTXHODSOXLHHVWXQLIRUPHODYDOHXUGHVQRXYHDX[SL[HOVFRUUHVSRQGjODYDOHXUGX
SL[HO G¶RULJLQH /¶HQVHPEOH GHV SURGXLWV HVW pJDOHPHQW UDPHQp DX SDV GH WHPSV MRXUQDOLHU HW
O¶DQDO\VHHVWPHQpHVXUOHVPRLVGHODVDLVRQGHVSOXLHV-XLQ-XLOOHW$RXW6HSWHPEUH
/DFRPSDUDLVRQGHVFXPXOVDQQXHOVSHUPHWG¶pYDOXHUVLXQSURGXLWHVWLPHFRUUHFWHPHQWODSURGXFWLRQ
DQQXHOOH GH SUpFLSLWDWLRQV 0DLV GDQV OH FDGUH G¶XQH XWLOLVDWLRQ GH FHV SURGXLWV HQ HQWUpH G¶XQH
PRGpOLVDWLRQK\GURORJLTXHGDQVXQHUpJLRQRXODYDULDWLRQVSDWLRWHPSRUHOOHGHVSUpFLSLWDWLRQVHVW
pOHYpHFKDSLWUHLOHVWpJDOHPHQWLQGLVSHQVDEOHG¶pYDOXHUOHVSURGXLWVVXUG¶DXWUHVFULWqUHVWHOTXH
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OHXUFDSDFLWpjUHSURGXLUHOHVFKDPSVGHSOXLHVVSDWLRWHPSRUHOOHPHQWHWHQLQWHQVLWp6L[YDULDEOHV
FDUDFWpULVWLTXHV GHV SUpFLSLWDWLRQVRQW pWp VpOHFWLRQQpHV SRXU pYDOXHU OD FDSDFLWp GHV GLIIpUHQWV
SURGXLWVjHVWLPHUOHVSUpFLSLWDWLRQV
 OHFXPXODQQXHO)LJXUHD
 ODPR\HQQHMRXUQDOLqUHFRQGLWLRQQHOOHFDOFXOpHFKDTXHDQQpH)LJXUHE
 OHQRPEUHGHMRXUVSOXYLHX[DQQXHO)LJXUHF
 OD PR\HQQH DQQXHOOH GH O¶H[WHQVLRQ VSDWLDOH GHV SUpFLSLWDWLRQV SRXU OHV MRXUV SOXYLHX[
)LJXUHG
 ODIUpTXHQFHGHGLVWULEXWLRQGHVSUpFLSLWDWLRQVHQFODVVHVG¶LQWHQVLWp)LJXUHD
 ODFRQWULEXWLRQGHFKDTXHFODVVHG¶LQWHQVLWpSOXYLHXVHVDXWRWDOVDLVRQQLHU)LJXUHE
/HFXPXODQQXHOHVWFDOFXOpFRPPHODVLPSOHVRPPHGHWRXWHVOHVSUpFLSLWDWLRQVVDQVVHXLOVXU OH
FXPXOMRXUQDOLHU(QUHYDQFKHOHQRPEUHGHMRXUVSOXYLHX[ODPR\HQQHFRQGLWLRQQHOOHHWO¶H[WHQVLRQ
VSDWLDOHVRQWGpWHUPLQpVXQLTXHPHQWSRXUGHVFXPXOVMRXUQDOLHUVGpSDVVDQWXQFHUWDLQVHXLO8QMRXU
HVWFRQVLGpUpFRPPHSOXYLHX[VLOHFXPXOMRXUQDOLHUDWWHLQWPPSRXUDXPRLQVSL[HOGHOD]RQH
/DPR\HQQH FRQGLWLRQQHOOH MRXUQDOLqUH HVW UpDOLVpH SRXU FKDTXH DQQpH j SDUWLU GHV MRXUV SOXYLHX[
GpILQLV FLGHVVXV/HV VpULHV WHPSRUHOOHV DQQXHOOHV GHV FXPXOVPR\HQQHV FRQGLWLRQQHOOHV HW MRXUV
SOXYLHX[VRQWFDOFXOpVSRXUFKDFXQGHVSL[HOVGHFRPSRVDQWOHGHJUpFDUUpGH1LDPH\
SXLV PR\HQQpV SRXU REWHQLU XQH YDOHXU SDU DQ SDU SURGXLW pWXGLp (QILQ O¶H[WHQVLRQ VSDWLDOH GHV
SUpFLSLWDWLRQV FRUUHVSRQG DX QRPEUH GH SL[HOV SOXYLHX[ DXGHVVXV GH PPM 3RXU OD ]RQH
FRQVLGpUpH LFL HOOH SUHQG OHV YDOHXUV GH  SRXU OHV MRXUV QRQSOXYLHX[RX GH  j  SRXU OHV MRXUV
SOXYLHX[6DPR\HQQHDQQXHOOHHVWFDOFXOpHVXUOHVMRXUVSOXYLHX[
/HGHJUpGHVLPLOLWXGHHQWUHOHVVpULHVWHPSRUHOOHVGHVGLIIpUHQWVSURGXLWVHWODUpIpUHQFHHVWDQDO\Vp
jSDUWLUGHVVpULHVWHPSRUHOOHVGHVYDULDEOHVSUpFpGHPPHQWGpFULWHV'¶XQHSDUWJUkFHDXFRHIILFLHQW
GHGpWHUPLQDWLRQGHUpJUHVVLRQOLQpDLUHUðTXLHVWELHQDGDSWpSRXUXQODUJHpFKDQWLOORQHWGHVVpULHV
SUpVHQWDQWXQHUHODWLRQOLQpDLUH'¶DXWUHSDUWOHFRHIILFLHQWGHUDQJGH6SHDUPDQUV6SHDUPDQ
DOJRULWKPH$6GH%HVWDQG5REHUWVTXLPHVXUHODFRUUpODWLRQGHVUDQJVGHGHX[VpULHVSRXU
GpWHUPLQHUOHXUUHODWLRQHVWpJDOHPHQWXWLOLVp&HFRHIILFLHQWYDULHHQWUHFRUUpODWLRQQpJDWLYHHW
FRUUpODWLRQSRVLWLYHWUDGXLVDQWO¶DEVHQFHGHFRUUpODWLRQ$GDSWpDX[SHWLWVpFKDQWLOORQVLOSHUPHW
GH UpGXLUH O¶LPSDFW GHV SRLQWV H[WUrPHV QRQ UHSUpVHQWDWLIV G¶XQH VpULH PDLV TXL LQIOXHQFHQW
VLJQLILFDWLYHPHQW OD FRUUpODWLRQ HQWUH GHX[ VpULHV ORUVTX¶HOOHV VRQW UpGXLWHV IDLEOHV HIIHFWLIV /H
FRHIILFLHQW GH 6SHDUPDQ HVW pJDOHPHQW SOXV DGDSWp SRXU GHV UHODWLRQV QRQ OLQpDLUHV 'H PDQLqUH
JpQpUDOHFHVGHX[LQGLFHVYDULHQWGDQVOHPrPHVHQV)LJXUHHWOHVSOXVJUDQGHVGLIIpUHQFHVVRQW
REVHUYpHVTXDQGODUHODWLRQOLQpDLUHHQWUHOHVVpULHVHVWGLVSHUVpHFDVGH5)GHOD)LJXUHD
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

a) Cumul annuel des précipitations 
 

b) Moyenne conditionnelle journalière  
des précipitations 






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

c) Nombre de jours pluvieux 
 

d) Extention spatiale journalière moyenne  
des précipitations

)LJXUH   *UDSKLTXHV GHV VpULHV WHPSRUHOOHV DQQXHOOHV GHV FXPXOV D PR\HQQHV
FRQGLWLRQQHOOHV MRXUQDOLqUHV E MRXUV SOXYLHX[ F H[WHQVLRQV VSDWLDOHV PR\HQQHV G GHV
SUpFLSLWDWLRQVGHVGLIIpUHQWVSURGXLWVHQ IRQFWLRQGH OD UpIpUHQFH .5,*'(16(SRXU OHGHJUp
FDUUpGH1LDPH\SRLQWSDUDQ9RLUGpILQLWLRQVS

 
CHAPITRE 2 | Estimation des précipitations : du réseau de pluviomètres à la constellation satellite 
 
67 
 
'¶DSUqVODFRPSDUDLVRQGHVFXPXOVDQQXHOVGHVGLIIpUHQWVSURGXLWVHWGHODUpIpUHQFH)LJXUHD
OHV SURGXLWV VDWHOOLWHV ©SXUVª TXL Q¶LQWqJUHQW SDV G¶LQIRUPDWLRQ LQVLWX VXUHVWLPHQW
V\VWpPDWLTXHPHQW OD SURGXFWLRQ DQQXHOOH GH SUpFLSLWDWLRQ HQ DFFRUG DYHF OHV pWXGHV SUpFpGHQWHV
'DQV OHV FDV GH&0253+ HW GH 3(56,$11 OH FXPXO SHXW rWUH GRXEOpPDLV OH ELDLV HVWPRLQV
LPSRUWDQW SRXU %57 /HV SURGXLWV LQVLWX .5,*'(16( &3& RX VDWHOOLWHV SRVW DMXVWpV
3(56,$11&'5%YHW5)(VRQWOHVSOXVSURFKHVGHODUpIpUHQFH/HVSURGXLWVKLVWRULTXHV
.5,*HQSUHPLHUOLHXSXLV3(56,$11&'5HW&3&VRQWOHVSOXVFRUUpOpVjODUpIpUHQFHDYHFGHV
UðVXSpULHXUVjHWGHVUVFRPSULVHQWUHHW/HVFRUUpODWLRQVLVVXHVGHVVpULHVSOXVFRXUWHV
DQVSRXUOHVSURGXLWV%YUðHWUVHW5)(UðHWUVVRQWSOXVIDLEOHVHW
SOXV GLVSHUVpHV 'HV VpULHV SOXV ORQJXHV SRXUUDLHQW GRQQHU GHV UHODWLRQV SOXV UREXVWHV HQWUH OHV
SURGXLWVHWODUpIpUHQFH'HPDQLqUHJpQpUDOHO¶LQWpJUDWLRQGHGRQQpHVLQVLWXSHUPHWG¶DPpOLRUHUOD
FDSDFLWp GHV SURGXLWV j UHSURGXLUH OHV FXPXOV GH SUpFLSLWDWLRQV j O¶pFKHOOH DQQXHOOH O¶LQIRUPDWLRQ
VDWHOOLWHVHXOHPHQDQWjXQHVXUHVWLPDWLRQV\VWpPDWLTXHSRXUOHVSURGXLWVFRQVLGpUpVLFL%57
&0253+3(56,$11
0DOJUpGHVWHQGDQFHVFRPPXQHVFRQFHUQDQWOHVFXPXOVDQQXHOVHQWUHOHVGLIIpUHQWHVFDWpJRULHVGH
SURGXLWV LO H[LVWH GH IRUWHV GLVSDULWpV GDQV OHXU PDQLqUH GH GLVWULEXHU OHV SUpFLSLWDWLRQV .5,*
3(56,$11&'5HW5)(RQWWHQGDQFHjOLVVHUOHVFKDPSVGHSOXLHVLOVVXUHVWLPHQWOHQRPEUHGH
MRXUVSOXYLHX[ )LJXUHFHW OD IUpTXHQFHGHVSOXLHVGH IDLEOH LQWHQVLWp HQWUHHWPPM
)LJXUHD6LG¶DSUqVODUpIpUHQFHODFODVVHPPMFRQWULEXHOHSOXVDXFXPXODQQXHO.5,*
3(56,$11&'5HW5)( UpSDUWLVVHQW OD FRQWULEXWLRQ SULQFLSDOH GDQV GHV FODVVHV GH SOXV IDLEOHV
LQWHQVLWpV)LJXUHE'HFHVMRXUVSOXYLHX[QRPEUHX[HWSHXLQWHQVHVUpVXOWHQWGHVPR\HQQHV
FRQGLWLRQQHOOHVMRXUQDOLqUHVIDLEOHV)LJXUHE6XUOHGHJUpFDUUpGH1LDPH\FRQVWLWXpGHSL[HOV
FHV SURGXLWV QH VHPEOHQW SDV VXLYUH XQH WHQGDQFH FODLUH FRQFHUQDQW O¶H[WHQVLRQ VSDWLDOH GHV
SUpFLSLWDWLRQV$O¶LQYHUVH%YHW%57HQJHQGUHQWGHVpYqQHPHQWVSOXYLHX[SOXVFRQFHQWUpV
VSDWLRWHPSRUHOOHPHQWHWSOXVLQWHQVHV,OVVRXVHVWLPHQWOHQRPEUHGHMRXUVSOXYLHX[)LJXUHF
O¶H[WHQVLRQVSDWLDOHGHVSUpFLSLWDWLRQV)LJXUHGHWODIUpTXHQFHGHVSOXLHVSHXLQWHQVHVGHj
PPMPDLVVXUHVWLPHQWFHOOHVGHWRXWHVOHVDXWUHVFODVVHVHWHQSDUWLFXOLHUOHVFODVVHVLQWHQVHVSRXU
%57)LJXUHD6L OHVSUpFLSLWDWLRQVOHVSOXVFRQWULEXWULFHVDXFXPXODQQXHOFRUUHVSRQGHQW
ELHQjODFODVVHPPMODGLVWULEXWLRQHVWHQUHYDQFKHWURSGpIRUPpHYHUVOHVIRUWHVLQWHQVLWpV
)LJXUHE/HVPR\HQQHVFRQGLWLRQQpHVGH%57HW%YVRQWSDUFRQVpTXHQWVXUHVWLPpHV
)LJXUHE/HVSURGXLWV&0253+HW3(56,$11RQWDXVVLWHQGDQFHjFRQFHQWUHUOHVpYqQHPHQWV
GDQV O¶HVSDFH )LJXUHGPDLV VXUHVWLPHQW OHQRPEUHGH MRXUVSOXYLHX[ )LJXUHFHW OHXU
LQWHQVLWp)LJXUH'HPDQLqUHHQFRUHSOXVLPSRUWDQWHTXH%57HW%YLOVVXUHVWLPHQWOD
IUpTXHQFHGHVSOXLHVLQWHQVHVVXSpULHXUHVjPPMHWOHXUVFRQWULEXWLRQVDXFXPXODQQXHO)LJXUH
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  /H SURGXLW &3& QH VHPEOH SDV SUpVHQWHU GH WHQGDQFH SDUWLFXOLqUH OHV UHODWLRQV HQWUH VHV
FDUDFWpULVWLTXHV HW FHOOHV GH OD UpIpUHQFH VRQW DVVH] GLVSHUVpHV PDLV VDQV VXUHVWLPDWLRQ RX VRXV
HVWLPDWLRQ V\VWpPDWLTXH )LJXUH   HW VHV GLVWULEXWLRQV HQ LQWHQVLWp VRQW OHV SOXV SURFKHV GH OD
UpIpUHQFH )LJXUH   ,O HVW GRQF pYLGHQW TXH GHV SURGXLWV SUpVHQWDQW GHV FXPXOV VLPLODLUHV RX
SURFKHV GH OD UpIpUHQFH SUpVHQWHQW WRXWHIRLV GHV GLVWULEXWLRQV VSDWLRWHPSRUHOOHV HW HQ LQWHQVLWp
GLIIpUHQWHV HW DXFXQ SURGXLW Q¶HVW FDSDEOH GH UHSURGXLUH OD GLVWULEXWLRQ REVHUYpH DYHF OH .5,*
'(16(


)LJXUH   'LVWULEXWLRQ GHV IUpTXHQFHV D HW GH OD FRQWULEXWLRQ DX FXPXO DQQXHO E GHV
GLIIpUHQWHVFODVVHVG¶LQWHQVLWpGHVSUpFLSLWDWLRQVSRXUFKDTXHSURGXLWUpIpUHQFHHQQRLU

/HVUpVXOWDWVREWHQXVVRQWHQDFFRUGDYHFOHVSUpFpGHQWHVpWXGHVGHOD OLWWpUDWXUHLOHVSURGXLWV
VDWHOOLWHVWHPSVUpHOWHVWpVLFLVXUHVWLPHQWOHVSUpFLSLWDWLRQVDX6DKHOHWO¶LQWpJUDWLRQGHGRQQpHVLQ
VLWXSHUPHWGHFRUULJHUFHVELDLVPDLVOHVGRQQpHVLQVLWXLVVXHVGHUpVHDX[OkFKHVSHXYHQWHQJHQGUHU
XQ OLVVDJH GX FKDPSGH SOXLH FRPPHSRXU3(56,$11&'5HW5)( LL LO H[LVWH XQH GLVSDULWp
LPSRUWDQWHGDQV ODGLVWULEXWLRQVSDWLRWHPSRUHOOHHWHQ LQWHQVLWpGHVSUpFLSLWDWLRQVPrPHVHQWUHOHV
SURGXLWV SUpVHQWDQW GHV FXPXOV VLPLODLUHV j OD UpIpUHQFH HW DXFXQ QH UHSURGXLW OD GLVWULEXWLRQ GHV
SUpFLSLWDWLRQVREVHUYpHVXUOHGHJUpFDUUpGH1LDPH\/HVSURGXLWVLQVLWX.5,*HW&3&SUpVHQWHQW
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OHV PHLOOHXUHV SHUIRUPDQFHV j O¶pFKHOOH GX GHJUp FDUUp GH 1LDPH\ HQ WHUPHV GH FXPXO DQQXHO
&HSHQGDQWLOVGpIRUPHQWODGLVWULEXWLRQG¶LQWHQVLWpHWFHGHPDQLqUHWUqVGLIIpUHQWHVDQVGRXWHOLpH
DX[ PpWKRGHV G¶LQWHUSRODWLRQ &HV UpVXOWDWV FRQILUPHQW GRQF TXH OH VLPSOH FDUDFWqUH GLUHFW GHV
PHVXUHV LQVLWXQHSHXWVHXOSHUPHWWUHDX[SURGXLWVTXLHQVRQW LVVXVG¶rWUHFRQVLGpUpVFRPPHGHV
UpIpUHQFHV(QILQ OHV FRUUpODWLRQV SOXV IDLEOHV SRXU OHV SURGXLWV VDWHOOLWHV SRVW DMXVWpV %Y HW
5)(VRQWSHXWrWUHSDUWLHOOHPHQWLPSXWDEOHVjODIDLEOHORQJXHXUGHOHXUVVpULHV

 Caractéristiques des produits d’estimation pluviométriques (satellites et in-
situ) sur le bassin du bief Ansongo-Niamey 
3RXU FRQILUPHU OHV UpVXOWDWV REWHQXV j O¶pFKHOOH GX GHJUp HQ SDUWLFXOLHU HQ WHUPHV GH
GLVWULEXWLRQVSDWLDOHODPrPHDQDO\VHHVWUpDOLVpHVXUOHEDVVLQGXELHI$QVRQJR1LDPH\)LJXUH
$XFXQH UpIpUHQFH Q¶pWDQW GLVSRQLEOH j O¶pFKHOOH GX VRXV EDVVLQ OHV SURGXLWV VRQW VLPSOHPHQW
FRPSDUpVHQWUHHX[/D)LJXUHSUpVHQWHOHVVpULHVWHPSRUHOOHVDQQXHOOHVGHVFXPXOVPR\HQQHV
FRQGLWLRQQHOOHV MRXUV SOXYLHX[ HW H[WHQVLRQV VSDWLDOHV SRXU FKDTXH SURGXLW VXU VD SpULRGH GH
GLVSRQLELOLWp/H7DEOHDXUHJURXSHOHVYDOHXUVPR\HQQHVHWpFDUWVW\SHVGHFHVYDULDEOHVSRXUOD
SpULRGH FRPPXQH j O¶HQVHPEOH GHV SURGXLWV  /HV PrPHV WHQGDQFHV LQWHUSURGXLWV
REWHQXHV VXU OH GHJUp FDUUp GH1LDPH\ VRQW REVHUYDEOHV VXU O¶HQVHPEOH GX VRXV EDVVLQ$QVRQJR
1LDPH\/HVSURGXLWV VDWHOOLWHVSXUVSUpVHQWHQW OHVFXPXOVDQQXHOV OHVSOXV IRUWV HQSUHPLHU OLHX
3(56,$11 VXLYL SDU &0253+ HW %57 GDQV XQH PRLQGUH PHVXUH /HV SURGXLWV LQVLWX HW
VDWHOOLWHV SRVWDMXVWpV SUpVHQWHQW GHV FXPXOV WUqV VLPLODLUHV/HV GLIIpUHQFHV VRQW SOXV IDLEOHV TX¶j
O¶pFKHOOHGXGHJUpFDUUpGH1LDPH\VDQVGRXWHSDUO¶HIIHWG¶LQWpJUDWLRQ0DLVHQFRUHXQHIRLVXQH
VLPLODULWpGHVFXPXOVDQQXHOVQ¶LQGLTXHSDVXQHVLPLODULWpGHVGLVWULEXWLRQVGHVSUpFLSLWDWLRQV.5,*
3(56,$11&'55)(OLVVHQW OHVSUpFLSLWDWLRQVDYHFGHQRPEUHX[MRXUVSOXYLHX[SOXVGHM
XQH IRUWH H[WHQVLRQ VSDWLDOH DXWRXU GH  GX GRPDLQH pWXGLp HW GHV LQWHQVLWpV HW PR\HQQHV
FRQGLWLRQQHOOHV IDLEOHV LQIpULHXUHV j PPM 1RQ YLVLEOH j O¶pFKHOOH GX GHJUp FDUUp OD IRUWH
H[WHQVLRQVSDWLDOHUHIOqWHXQHIRUWHFRUUpODWLRQVSDWLDOHGHVFKDPSVGHSOXLHVLXQSL[HOHVWSOXYLHX[
LO\DXQHJUDQGHSUREDELOLWpTXHVRQYRLVLQOHVRLWHWDYHFXQHLQWHQVLWpSURFKH%YHW%57
FRQFHQWUHQWOHVpYqQHPHQWVSOXYLHX[WHPSRUHOOHPHQWDXWRXUGHMHWVSDWLDOHPHQWHQWUHHW
GXGRPDLQHDPHQDQWjGH IRUWHV LQWHQVLWpVHWPR\HQQHVFRQGLWLRQQHOOHV SOXVGHPPM&3&
FRUUHVSRQGjXQHVLWXDWLRQLQWHUPpGLDLUHHQWUHFHVGHX[FDWpJRULHVGHGLVWULEXWLRQGHVSUpFLSLWDWLRQV
(QILQ&0253+HW3(56,$11SUpVHQWHQWGHVSOXLHVPR\HQQHVFRQGLWLRQQHOOHVPR\HQQHVjIRUWHV
UHVSHFWLYHPHQWHWPPMHWXQHH[WHQVLRQVSDWLDOHHWWHPSRUHOOHPR\HQQH

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








)LJXUH6pULHVWHPSRUHOOHVDQQXHOOHVGHVFXPXOVDPR\HQQHVFRQGLWLRQQHOOHVMRXUQDOLqUHV
EMRXUVSOXYLHX[FH[WHQVLRQVVSDWLDOHVPR\HQQHVGGHVSUpFLSLWDWLRQVGHVGLIIpUHQWVSURGXLWV
SRXUOHEDVVLQGXELHI$QVRQJR1LDPH\9RLUGpILQLWLRQVS
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


7DEOHDX9DOHXUVPR\HQQHVHWpFDUWVW\SHVHQLWDOLTXHGHVFXPXOVPR\HQQHVFRQGLWLRQQHOOHV
MRXUVSOXYLHX[HWH[WHQVLRQVVSDWLDOHVHQWUHHWSRXUOHEDVVLQGXELHI$QVRQJR1LDPH\
 &XPXOPP
0R\HQQH
FRQGLWLRQQHOOHPP
-RXUV
SOXYLHX[M
([WHQVLRQ
VSDWLDOH
.5,*       
&3&       
%Y       
%57       
5)(       
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/HVGLIIpUHQWHVFDUDFWpULVWLTXHVGHVSURGXLWVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVXWLOLVpVGDQVFHWWH
pWXGHVRQW UpVXPpHVGDQV OH7DEOHDX/HVSURGXLWV±.5,*&3&%Y%575)(
&0253+ 3(56,$11 3(56,$11&'5 ± GLVSRQLEOHV VXU XQH SpULRGH G¶DX PRLQV  DQV HW
FRQIURQWpVjXQHUpIpUHQFHLQVLWX.5,*'(16(SRVVqGHQWGHVFDUDFWpULVWLTXHVGLIIpUHQWHVDXWDQW
HQWHUPHVGHFXPXOVDLVRQQLHUTXHGHGLVWULEXWLRQLQWUDVDLVRQQLqUH/HVSURGXLWV LQVLWX.5,*HW
&3& DLQVL TXH OD SOXSDUW GHV SURGXLWV VDWHOOLWHV SRVWDMXVWpV SDU GHV GRQQpHV LQVLWX 5)( HW
3(56,$11&'5 VH UDSSURFKHQW ELHQ GX FXPXO GH OD UpIpUHQFH PHLOOHXUHV FRUUpODWLRQV
LQWHUDQQXHOOHVREWHQXHVDYHV OHVHVWLPDWLRQV LQVLWXPDLVRQW WHQGDQFHjOLVVHU OHFKDPSGHSOXLH
VSDWLRWHPSRUHOOHPHQWHWHQLQWHQVLWp/DIDLEOHGHQVLWpGHVUpVHDX[SOXYLRPpWULTXHVRSpUDWLRQQHOV
GLVSRQLEOHVVXUOD]RQHG¶pWXGHH[SOLTXHFHUpVXOWDW/HVSURGXLWVVDWHOOLWHVWHPSVUpHO&0253+HW
3(56,$11VXUHVWLPHQWOHQRPEUHGHMRXUVSOXYLHX[HW OHXUVLQWHQVLWpVPHQDQWjXQHVXUHVWLPDWLRQ
GXFXPXOVDLVRQQLHUMXVTX¶jOHGRXEOHU(QILQOHVSURGXLWV703$WHPSVUpHO%57HWSRVWDMXVWp
%YSUpVHQWHQWXQFRPSRUWHPHQWXQSHXGLIIpUHQWHWWHQGHQWjFRQFHQWUHUVSDWLRWHPSRUHOOHPHQW
GHVpYqQHPHQWVSOXYLHX[DVVH]LQWHQVHV6LOHSURGXLWWHPSVUpHO%57SUpVHQWHXQELDLVSRVLWLIVRQ
SRVWDMXVWHPHQW%YSUpVHQWHXQHERQQHHVWLPDWLRQGXFXPXODQQXHO,OQHIDXWFHSHQGDQWSDV
SHUGUH GH YXH TX¶HQ SOXV GHV SHUIRUPDQFHV GHV SURGXLWV SDU UDSSRUW j XQH UpIpUHQFH OHXUV
UpVROXWLRQVFRQVWLWXHQWDXVVLXQHOLPLWH VHORQOHVQpFHVVLWpVGHO¶pWXGH,FL OHVSHUIRUPDQFHVLQIUD
MRXUQDOLqUHVQ¶RQWSDVpWpFRQVLGpUpHVSXLVTXHGHQRPEUHX[SURGXLWVVRQWUpVROXVMRXUQDOLqUHPHQW
0DLV DX 6DKHO R OHV pYqQHPHQWV VRQW LQWHQVHV HW WUqV YDULDEOHV VSDWLRWHPSRUHOOHPHQWPrPH j
O¶pFKHOOH LQIUDMRXUQDOLqUH FKDSLWUH  GHV SURGXLWV GLVSRQLEOHV j GHV SDV GH WHPSV WULKRUDLUHV
SHXYHQWDSSRUWHUXQHLQIRUPDWLRQG¶LPSRUWDQFHQRQpYDOXpHLFL
/¶HQVHPEOHGHFHVSURGXLWVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVHVWSDUODVXLWHXWLOLVpHQWDQWTXH
IRUoDJHSOXYLRPpWULTXHSRXUOHPRGqOH,6%$75,3GpFULWGDQVOHVFKDSLWUHVHW6XUODEDVHGHV
UpVXOWDWVGHO¶DQDO\VHGHVSHUIRUPDQFHVHWGHVFDUDFWpULVWLTXHVGHVSURGXLWVO¶LPSDFWGHVGLIIpUHQFHV
LQWHUSURGXLWVHW OHXUVFDSDFLWpVjSRXYRLU UHSURGXLUH OHV UpFHQWVpYqQHPHQWVGH ODFUXHURXJHGH
1LDPH\VRQWpYDOXpVGDQVOHFKDSLWUH3RXUDOOHUSOXVORLQGDQVO¶pWXGHGHO¶LPSDFW
GHV HUUHXUV DVVRFLpHV DX[ HVWLPDWLRQV GH OD SOXLH HW OHXU SURSDJDWLRQ GDQV OD PRGpOLVDWLRQ
K\GURORJLTXH OHVSHUIRUPDQFHVHW OHVDSSRUWVGXQRXYHDXSURGXLW7$3((5SDVDERUGpVGDQVFH
FKDSLWUH j FDXVH GX QRPEUH G¶DQQpHV OLPLWp VRQW GpYHORSSpV HW DQDO\VpV GDQV OH FKDSLWUH  /HV
SURGXLWVKLVWRULTXHV.5,*&3&HW3(56,$1&'5VRQWDXVVLXWLOLVpVDXYXGHOHXUVSHUIRUPDQFHV
SRXUODPRGpOLVDWLRQGHVFKDQJHPHQWVK\GURORJLTXHVORQJWHUPHGHODFUXH5RXJHGH1LDPH\GDQV
OHFKDSLWUH
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
Chapitre 3 Modélisation hydrologique du Niger à Niamey : 
Plateforme SURFEX & modèle ISBA-TRIP 



DQV FHV WUDYDX[ GH WKqVH ODPRGpOLVDWLRQ K\GURORJLTXH FRQVWLWXH XQ RXWLO VRLW SRXU
pYDOXHU OH SRWHQWLHO GHV SURGXLWV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV HQ K\GURORJLH VRLW
SRXUFRPSUHQGUHO¶pYROXWLRQGXU{OHGHVYDULDWLRQVFOLPDWLTXHVVXUO¶K\GURORJLH'DQVO¶RSWLTXHGH
SRXYRLUWUDQVSRVHUjG¶DXWUHVEDVVLQVWURSLFDX[O¶DSSURFKHGpYHORSSpHVXUOH1LJHUO¶REMHFWLIQ¶HVW
SDVGHGpYHORSSHUXQHPRGpOLVDWLRQSURSUHHWH[FOXVLYHjOD]RQHG¶pWXGH/HFKRL[GXPRGqOHV¶HVW
GRQFSRUWpVXUXQPRGqOHJOREDOGpMjLPSOpPHQWpVXUOHEDVVLQGX1LJHUOHPRGqOHFRXSOp,6%$
75,3'pYHORSSpSDUOH&HQWUH1DWLRQDOGH5HFKHUFKH0pWpRURORJLTXH &150,6%$75,3DpWp
LPSOpPHQWpVXUOHEDVVLQGX1LJHUSDU3HGLQRWWL6HVWUDYDX[RQWFRQVWLWXpODEDVHGXYROHW
PRGpOLVDWLRQGHFHWWHWKqVH,6%$75,3HVWXQPRGqOHJOREDOGLVWULEXpHWjEDVHSK\VLTXHTXLFRXSOH
XQPRGqOH GH VXUIDFH ,6%$ j XQPRGqOH GH URXWDJH 75,32XWUH OD WUDQVSRVLWLRQ SRVVLEOH GH
O¶H[SpULHQFHDYHFXQWHOPRGqOHXQDXWUHDYDQWDJHUpVLGHGDQVO¶DEVHQFHGHFDOLEUDWLRQWHOOHTXH
FHOOHQpFHVVDLUHSRXUGHVPRGqOHVSOXLHGpELWFRQFHSWXHOVSOXVFODVVLTXHPHQWXWLOLVpVHQK\GURORJLH
&HWWH FDUDFWpULVWLTXH SHUPHW G¶LPSOpPHQWHU OH PRGqOH VDQV GLVSRVHU G¶XQH ORQJXH VpULH
G¶REVHUYDWLRQVSRXUOHFDODJHHWGHWHVWHUSOXVLHXUVMHX[GHIRUoDJHVXUXQMHXGHSDUDPqWUHVFRPPXQ
(QILQFHPRGqOHGLVWULEXpSHUPHWpJDOHPHQWGHWLUHUOHPHLOOHXUSDUWLGHVSURGXLWVSOXYLRPpWULTXHV
VSDWLDOLVpVHWGHWHVWHUODVHQVLELOLWpGHODUpSRQVHK\GURORJLTXHjODYDULDELOLWpVSDWLRWHPSRUHOOHGHV
SOXLHV/¶REMHFWLIGHFHFKDSLWUHHVWGHGpFULUHOHPRGqOHFRXSOp,6%$75,3/HVSUHPLHUVSDUDJUDSKHV
GpWDLOOHQWOHIRUPDOLVPHHWOHVSDUDPqWUHVGHVPRGqOHV,6%$HW75,3FRXSOpVDXVHLQGHODSODWHIRUPH
GHPRGpOLVDWLRQ685)(;/HVSDUDJUDSKHVVXLYDQWVDERUGHQWO¶LPSOpPHQWDWLRQG¶,6%$75,3VXUOH
EDVVLQGX1LJHUDLQVLTXH OHVGLIILFXOWpV UHQFRQWUpHVYLVjYLVGH OD VLPXODWLRQGHVGpELWVGDQV OH
1LJHUPR\HQHQSDUWLFXOLHUj1LDPH\(QILQODFRQILJXUDWLRQVXUOHEDVVLQGXELHI$QVRQJR1LDPH\
HVWGpFULWH6SpFLILTXHjFHWWHpWXGHHWXWLOLVpHGDQVO¶HQVHPEOHGHVWUDYDX[GHWKqVHHOOHV¶DIIUDQFKLW
GHVSUREOqPHVGHVLPXODWLRQGH OD ]RQHDPRQW 'HOWD LQWpULHXU HW VHFRQFHQWUH VXU OHVSURFHVVXV
ORFDX[LQGXLVDQWODFUXH5RXJH 
'
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 La plate-forme SURFEX 
 Principes  

)LJXUH6FKpPDWLVDWLRQGHVSURFHVVXVPRGpOLVpVSDUODSODWHIRUPH685)(;
VRXUFH&150KWWSZZZFQUPPHWHRIUVXUIH[

/D SODWHIRUPH 685)(; ± SRXU 685)DFH ([WHUQDOLVpH ± GpGLpH j OD PRGpOLVDWLRQPXOWL
pFKHOOHVGHVSURFHVVXVGHVXUIDFHKWWSZZZFQUPPHWHRIUVXUIH[DpWpGpYHORSSpHLQLWLDOHPHQW
SDUOH&150GDQVOHEXWG¶DPpOLRUHUODSULVHHQFRPSWHGHVLQWHUDFWLRQVVXUIDFHDWPRVSKqUHGDQVOD
SUpYLVLRQQXPpULTXHGXWHPSV685)(;)LJXUHHVWFRPSRVpGHSOXVLHXUVPRGqOHVSK\VLTXHV
TXLVRQWXWLOLVpVHQIRQFWLRQGHTXDWUHW\SHVGHVXUIDFHVFRQWLQHQWDOHQDWXUHOOHXUEDQLVpHODFXVWUH
RFpDQLTXH'HX[FRPSRVDQWHVVXSSOpPHQWDLUHVSHUPHWWHQWO
DVVLPLODWLRQGHGRQQpHVHWODVLPXODWLRQ
GHV SURFHVVXV OLpV DX[ DpURVROV 685)(; SHXW rWUH XWLOLVp HQ PRGH FRXSOp DYHF XQ PRGqOH
PpWpRURORJLTXHRXHQPRGHIRUFpDYHFGHVREVHUYDWLRQVPpWpRURORJLTXHV(QPRGHIRUFpOHPRGqOH
GH VXUIDFH Q
D DXFXQH UpWURDFWLRQ VXU O
DWPRVSKqUH FRQWUDLUHPHQW DX FRXSODJH DYHF XQ PRGqOH
PpWpRURORJLTXH'DQVFHWWHpWXGH685)(;HVWXWLOLVpHQPRGHIRUFpHWVHXOHODFRPSRVDQWH,6%$
,QWHUDFWLRQV EHWZHHQ 6RLO %LRVSKHUH DQG$WPRVSKHUH 1RLOKDQ HW 3ODQWRQ  VLPXODQW OHV
SURFHVVXVGHVXUIDFHVXUGHVDLUHVGLWHVQDWXUHOOHVHVWDFWLYpH/HVYDULDEOHVUHSUpVHQWDWLYHVGHO
pWDW
GHO
DWPRVSKqUHQpFHVVDLUHVDXIRQFWLRQQHPHQWGXPRGqOH,6%$HQPRGHIRUFpVRQWOLVWpHVGDQVOH
7DEOHDX8QPRGqOHGHVXUIDFHFRQWLQHQWDOHWHOTXH,6%$SHUPHWGHVLPXOHUOHVIOX[GHVXUIDFH
CHAPITRE 3 | Modélisation hydrologique du Niger à Niamey : Plateforme SURFEX & modèle ISBA-TRIP 
 
75 
 
UpVXOWDQWGHVpFKDQJHVHQWUHO
DWPRVSKqUHHWOHVROVXSHUILFLHO/HFRXSODJHDYHFXQPRGqOHGHURXWDJH
K\GURORJLTXHSHUPHWjSDUWLUGHVIOX[G
HDXFDOFXOpVSDUOHPRGqOHGHVXUIDFHjFKDTXHSRLQWGHJULOOH
GHURXWHUHWSURSDJHUOHVPDVVHVG
HDXjWUDYHUVOHUpVHDXK\GURORJLTXHDILQGHVLPXOHU OHGpELWGHV
ULYLqUHV'DQVFHWWHpWXGHOHPRGqOH75,37RWDO5XQRII,QWHJUDWLQJ3DWKZD\V2NLHW6XGHVW
FRXSOpDXPRGqOH,6%$SRXUVLPXOHUOHGpELW
7DEOHDX/LVWHGHVYDULDEOHVDWPRVSKpULTXHVQpFHVVDLUHVDXIRQFWLRQQHPHQWG
,6%$HQPRGH
IRUFpUpVROXWLRQQpFHVVDLUHWULKRUDLUHHW
1RP9DULDEOH 6\PEROH 8QLWp
5D\RQQHPHQWVRODLUH 5* :P
5D\RQQHPHQWDWPRVSKpULTXH 5$ :P
3UpFLSLWDWLRQVOLTXLGHV 5U NJPV
3UpFLSLWDWLRQVVROLGHV 6U NJPV
7HPSpUDWXUHGHO
DLUjPG
DOWLWXGH 7D .
9LWHVVHKRUL]RQWDOHGXYHQWjPG
DOWLWXGH TD PV
+XPLGLWpVSpFLILTXHGHO
DLUjPG
DOWLWXGH 9D NJNJ
3UHVVLRQDWPRVSKpULTXHjODVXUIDFH 3V 3D

/DYRFDWLRQ LQLWLDOHGHVPRGqOHVGH VXUIDFHHVWG¶DPpOLRUHU ODSUpYLVLRQ QXPpULTXHGX WHPSVGHV
pFKHOOHV PpWpRURORJLTXHV j FOLPDWLTXHV HQ SUHQDQW PLHX[ HQ FRPSWH OHV IOX[ HW UpWURDFWLRQV j
O¶LQWHUIDFHVRODWPRVSKqUH0DLVFHVPRGqOHVVRQWpJDOHPHQWGHSOXVHQSOXVXWLOLVpVSRXUDQDO\VHUOH
F\FOH GH O¶HDX FRQWLQHQWDOH HW WHVWHU QXPpULTXHPHQW O¶LPSDFW GHV FKDQJHPHQWV FOLPDWLTXHV VXU
O¶K\GURORJLHHWODUHVVRXUFHHQHDXGDQVGLIIpUHQWHVUpJLRQVGXPRQGH&RPPHOHVPRGqOHVGHFOLPDW
DYHFOHVTXHOVLOVV¶LQWHUIDFHQWOHVPRGqOHVGHVXUIDFHVRQWFRQoXVjO¶pFKHOOHJOREDOH3RXUOLPLWHUOD
ORXUGHXU QXPpULTXH GH WHOV PRGqOHV OHV SURFHVVXV SK\VLTXHV VRQW UHSUpVHQWpV SDU GHV V\VWqPHV
G¶pTXDWLRQV VLPSOLILpHV RX µSDUDPpWULVDWLRQ¶ TXL IRQW DSSHO j GHV K\SRWKqVHV VLPSOLILFDWULFHV /D
PRGpOLVDWLRQ GHV SURFHVVXV DWPRVSKpULTXHV LPSRVH j FHVPRGqOHV GHV SDV GH WHPSV UHODWLYHPHQW
FRXUWV W\SLTXHPHQW GH O¶RUGUH GH OD PLQXWH j O¶KHXUH /HV UpVROXWLRQV VSDWLDOHV VRQW SDU FRQWUH
UHODWLYHPHQWJURVVLqUHV W\SLTXHPHQWTXHOTXHVGL]DLQHVjFHQWDLQHVGHNPHWSRXU ODYHUVLRQ
G¶,6%$75,3 XWLOLVpH LFL /H PDLOODJH UpJXOLHU Q¶HVW SDV LGpDO SRXU OD UHSUpVHQWDWLRQ GHV EDVVLQV
K\GURORJLTXHV DX[ FRQWRXUV LUUpJXOLHUV PDLV LO HVW ELHQ DGDSWp SRXU O¶XWLOLVDWLRQ GH SURGXLWV
SOXYLRPpWULTXHVJULOOpV

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 Avantages et motivations à l’utilisation d’ISBA-TRIP 
'DQVOHFDGUHGHFHWWHWKqVHODGLVWULEXWLRQVSDWLDOHGXPRGqOHVLHGDXPDLOODJHGHVSURGXLWV
G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV VDWHOOLWHV 6D FRXYHUWXUH JOREDOH HVW pJDOHPHQW LQWpUHVVDQWH SRXU
DQDO\VHUO¶LPSDFWGHODYDULDELOLWpSOXYLRPpWULTXHDXVHLQGHEDVVLQVUHODWLYHPHQWLPSRUWDQWVWHOTXH
OH1LJHUHWWUDQVSRVHUO¶DQDO\VHVXUSOXVLHXUVEDVVLQV(QILQHQFRPSDUDLVRQDX[PRGqOHVSOXLHGpELW
SOXVWUDGLWLRQQHOVFRPPH*5,6%$75,3QHQpFHVVLWHSDVG¶HQWUDvQHPHQWRXFDOLEUDWLRQjSDUWLU
GHORQJXHVVpULHVGHGRQQpHVREVHUYpHV,OSHXWGRQFrWUHWHVWpVXUGHVEDVVLQVSHX MDXJpVGqV ORUV
TX¶XQHLQIRUPDWLRQVXUODWRSRJUDSKLHOHW\SHGHVROHWGHFRXYHUWHVWGLVSRQLEOH
/DG\QDPLTXHVFLHQWLILTXHHW OHVFROODERUDWLRQVHQFRXUVHQWUH O¶2EVHUYDWRLUH0LGL3\UpQpHVHW OH
&150VXUO¶K\GURORJLHVSDWLDOHHQ]RQHWURSLFDOHGDQVOHVTXHOOHVV¶LQVFULYHQWFHVWUDYDX[GHWKqVH
RQWDXVVLSUpYDOXDXFKRL[GHODSODWHIRUPH685)(;,6%$75,3SRXUFHWWHpWXGH3OXVLHXUVWUDYDX[
SUpSDUDWLIV j OD IXWXUH PLVVLRQ VSDWLDOH DOWLPpWULTXH 6:27 6XUIDFH :DWHU 2FHDQ 7RSRJUDSK\
V¶DSSXLHQWGpMjVXU685)(;'DQVFHFDGUHOHPRGqOHDpWpLPSOpPHQWpVXUOHIOHXYH1LJHUSHQGDQW
OHVWUDYDX[GHWKqVHGH3HGLQRWWLDILQGHVLPXOHUO¶DVVLPLODWLRQGHVGRQQpHV6:27

 Le modèle de surface ISBA 
 Historique 
,6%$±SRXU,QWHUDFWLRQEHWZHHQ6RLO%LRVSKHUHDQG$WPRVSKHUH±HVWXQPRGqOHGHVXUIDFH
EDVp VXU XQH SK\VLTXH UHODWLYHPHQW VLPSOH GH W\SH ©%8&.(7ª HW VXU OD PpWKRGH GH ©IRUFH
UHVWRUHªSRXUUpVRXGUHOHVELODQVG
pQHUJLH%KXPUDONDUHWG
HDX'HDUGURII/D
SDUDPpWULVDWLRQG
,6%$DpWpUpDOLVpHSDU1RLOKDQHW3ODQWRQO
REMHFWLIpWDQWGHUHSUpVHQWHUOHV
SULQFLSDX[ SURFHVVXV SK\VLTXHV TXL GpWHUPLQHQW OHV ELODQV pQHUJpWLTXH HW K\GULTXH GHV VXUIDFHV
FRQWLQHQWDOHVWRXWHQOLPLWDQWOHQRPEUHGHSDUDPqWUHV'HSXLVGHQRPEUHX[DXWHXUVRQWFRQWULEXpj
O
pYROXWLRQG
,6%$DILQGHPRGpOLVHUDXPLHX[OHVSURFHVVXVWRXWHQJDUGDQWHQYXHODVLPSOLFLWpHW
OHQRPEUHOLPLWpGHVSDUDPqWUHVGXPRGqOH
(QSUHPLHU OLHX OHV HIIRUWV GH GLYHUV DXWHXUVRQW SHUPLV O¶DPpOLRUDWLRQ GH OD UHSUpVHQWDWLRQ GH OD
WUDQVSLUDWLRQ GHV IRUrWV -DFTXHPLQ HW 1RLOKDQ  HW GH O¶pYDSRUDWLRQ GX VRO QX 0DKIRXI HW
1RLOKDQ%UDXGHWDOPDLVDXVVLGXU{OHGHODYpJpWDWLRQYLDO
LQWHUFHSWLRQSDUODFDQRSpH
0DQ]LHW3ODQWRQ0DKIRXIHWDO
/
K\GURORJLHGXVROSURIRQGHVWSULVHHQFRPSWHGHSXLVODUHSUpVHQWDWLRQGXGUDLQDJHJUDYLWDWLRQQHO
0DKIRXIHW1RLOKDQHWO
DMRXWG
XQHWURLVLqPHFRXFKHGHVROVHORQODPpWKRGH©IRUFHUHVWRUHª
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%RRQHHWDO
/H GpYHORSSHPHQW G
XQH K\GURORJLH VRXVPDLOOH SHUPHW XQH PHLOOHXUH SULVH HQ FRPSWH GH
O¶KpWpURJpQpLWpVSDWLDOHGHVSDUDPqWUHVLPSOLTXpVGDQVOHVSURFHVVXVK\GURORJLTXHVWRSRJUDSKLHVRO
YpJpWDWLRQ HW SUpFLSLWDWLRQV PDOJUp OD UpVROXWLRQ VSDWLDOH JURVVLqUH GX PRGqOH ,QLWLDOHPHQW OH
UXLVVHOOHPHQWGHVXUIDFHGDQV,6%$FRUUHVSRQGDXUXLVVHOOHPHQWGH'XQQHGDQVFHFDVODWRWDOLWpGH
ODFHOOXOHGRLWrWUHVDWXUpHSRXUTXHOHUXLVVHOOHPHQWVHGpFOHQFKH2UO
LPSOpPHQWDWLRQGXGUDLQDJH
JUDYLWDWLRQQHOHWG
XQHqPHFRXFKHGHVROSURIRQGOLPLWHQWODVDWXUDWLRQGHODWRWDOLWpGHODFRORQQHGH
VRO VXU O
HQVHPEOH GH OD FHOOXOH VXUWRXW j O¶pFKHOOH  /¶KpWpURJpQpLWp VRXVPDLOOH GH OD
FDSDFLWp G
LQILOWUDWLRQ HVW DORUV SULVH HQ FRPSWH SDU O
DMRXW GX VFKpPD GH &DSDFLWp G
,QILOWUDWLRQ
9DULDEOH 9,& HQ DQJODLV SDU+DEHW HW DO 9,& FDOFXOH XQH IUDFWLRQ VDWXUpH GH OD FHOOXOH
UHIOpWDQWODYDULDELOLWpGHO
pWDWGHVDWXUDWLRQGXVRODXVHLQGHFHWWHFHOOXOH/DIUDFWLRQVDWXUpHGpSHQG
DORUVGHO
KXPLGLWpGXVROGHO
LQWHQVLWpGHVSUpFLSLWDWLRQVHWG
XQSDUDPqWUHGHSHQWHGpSHQGDQWGH
O
RURJUDSKLHGLIILFLOHjFDOLEUHUJOREDOHPHQW&HWWHDSSURFKHHVWSRXUVXLYLHSDU+DEHWHW6DXOQLHU
HW'HFKDUPHHW'RXYLOOHTXLUHPSODFHQWOHVFKpPD9,&SDUXQIRUPDOLVPHKpULWp
GH 72302'(/ 723RJUDSKL\ EDVHG K\GURORJLFDO 02'(/ &RPPH VRQ QRP O
LQGLTXH
72302'(/ SUHQG HQ FRPSWH H[SOLFLWHPHQW O
KpWpURJpQpLWp GH OD WRSRJUDSKLH JUkFH j XQ LQGLFH
WRSRJUDSKLTXHGLVWULEXpVSDWLDOHPHQW&HIRUPDOLVPHSUpVHQWHpJDOHPHQWO
DYDQWDJHGHQHQpFHVVLWHU
DXFXQH FDOLEUDWLRQ (QILQ'HFKDUPH HW'RXYLOOH   FRQWLQXHQW G
DPpOLRUHU O
K\GURORJLH
G
,6%$HQSUHQDQWHQFRPSWHOHUXLVVHOOHPHQWG
+RUWRQHQVHEDVDQWVXUOHFDOFXOGHODIUDFWLRQGHOD
FHOOXOHWRXFKpHSDUOHVSUpFLSLWDWLRQVHWVXUXQHGLVWULEXWLRQVRXVPDLOOHH[SRQHQWLHOOHGHODFDSDFLWp
G
LQILOWUDWLRQPD[LPDOHGXVRO
8QHPHLOOHXUHSULVHHQFRPSWHGHODYDULDELOLWpVRXVPDLOOHGHODVXUIDFHHVWGpYHORSSpHJUkFHjXQH
DSSURFKHHQ©WXLOHªGpFULYDQWO
KpWpURJpQpLWpGHODYpJpWDWLRQHWGHODSURIRQGHXUGXVRODXVHLQGH
FKDTXHFHOOXOHGHODJULOOH'HFKDUPHHW'RXYLOOH/HELODQG
HDXHWG¶pQHUJLHHVWFDOFXOp
GLVWLQFWHPHQWSRXUFKDTXHWXLOHGHODFHOOXOH/DIUDFWLRQGHFRXYHUWXUHGHFKDTXHW\SHGHVXUIDFHHVW
HQVXLWHXWLOLVpHSRXUFDOFXOHUODPR\HQQHGHVGLIIpUHQWHVVRUWLHVjO
pFKHOOHGHODFHOOXOH
/D PRGLILFDWLRQ GX SURILO KRPRJqQH GH OD FRQGXFWLYLWp K\GUDXOLTXH SRXU XQ SURILO H[SRQHQWLHO
'HFKDUPHHWDODSRXUEXWGHUHSUpVHQWHUG¶XQHSDUWO
LQIOXHQFHGHODPDWLqUHRUJDQLTXHHWGX
UpVHDXUDFLQDLUHVXUODIRUPDWLRQGHPDFURSRUHVIDYRULVDQWO
LQILOWUDWLRQHWG¶DXWUHSDUWODFRPSDFWLRQ
GXVROHQSURIRQGHXUWHQGDQWj OD OLPLWHU$YHF OHSURILOH[SRQHQWLHO ODFRQGXFWLYLWpK\GUDXOLTXHj
VDWXUDWLRQDXJPHQWHDSSUR[LPDWLYHPHQWG
XQIDFWHXUHQVXUIDFHHWGLPLQXHHQSURIRQGHXU
3OXVLHXUVGpYHORSSHPHQWVRQWpWpUpDOLVpVSRXUUHSUpVHQWHUOHVSURFHVVXVOLpVDXJHOGXVROHWSUHQGUH
HQFRPSWHOHVSUpFLSLWDWLRQVVROLGHV'RXYLOOHHWDORQWFRPPHQFpSDUDMRXWHUXQVFKpPDGH
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QHLJHVLPSOHVHORQODPpWKRGH©IRUFHUHVWRUHªDPpOLRUpHQVXLWHSDUXQHUHSUpVHQWDWLRQGHODQHLJH
DYHFXQVFKpPD jFRXFKHV %RRQHHW(WFKHYHUV/HVSURFHVVXV OLpVDXJHOGXVRORQWpWp
LPSOpPHQWpVSDU%RRQHHWDO

 Formalisme des processus 
/HVWUDYDX[SUpVHQWpVLFLVRQWEDVpVVXUODYHUVLRQG
,6%$/OD\HUVGHODYHUVLRQGH685)(;
GpFULWHGDQVOHVFKpPDGHOD)LJXUH&HWWHYHUVLRQSUHQGHQFRPSWHWURLVFRXFKHVK\GURORJLTXHV
%RRQHHW DO ODFRXFKHGHVXUIDFHVXSHUILFLHOOHZ ODFRXFKH UDFLQDLUHZ HW ODFRXFKHGH
GUDLQDJHSURIRQGZ/
pYDSRUDWLRQGHVVROVQXV(VRLOHWODWUDQVSLUDWLRQGHODYpJpWDWLRQ(WUDQVSVRQW
SLORWpHV UHVSHFWLYHPHQW SDU OHV UpVHUYRLUVZ HWZ /H WURLVLqPH UpVHUYRLUZ SHUPHW OD SULVH HQ
FRPSWHGHVPpFDQLVPHVG
pYROXWLRQGHO
KXPLGLWpGXVROSURIRQG/HVGLIIpUHQWVUpVHUYRLUVpFKDQJHQW
GH O
HDXYLD OHVSURFHVVXVSK\VLTXHVGHGLIIXVLRQ 'HWGUDLQDJHJUDYLWDWLRQQHO .(QWHUPHVGH
FRXFKHVSpGRORJLTXHVZHVWLQFOXVHGDQVZ/DFRORQQHGHVROHVWGRQFGLYLVpHHQGHX[FRXFKHV

)LJXUH6FKpPDWLVDWLRQGHVSURFHVVXVG
,6%$
OHVSURFHVVXVOLpVDXJHOHWjODQHLJHQHVRQWSDVUHSUpVHQWpV
ZFRQWHQXHQHDXGHODFRXFKHGHVXUIDFHVXSHUILFLHOOHGHSURIRQGHXUGZFRQWHQXHQHDXGHODFRXFKH
UDFLQDLUHGHSURIRQGHXUGZFRQWHQXHQHDXGHODFRXFKHGHGUDLQDJHSURIRQGGHSURIRQGHXUGZU
VWRFN G
HDX GH OD FDQRSpH 3 NJP V 3UpFLSLWDWLRQV OLTXLGHV 5U NJP V 5XLVVHOOHPHQW GH OD
FDQRSpH,UNJPV,QILOWUDWLRQGHVXUIDFH'NJPV'LIIXVLRQ.NJPV'UDLQDJH(VRLO
NJP VeYDSRUDWLRQGX VRO(WUDQVS NJP V7UDQVSLUDWLRQGH OD YpJpWDWLRQ(FDQRS NJP V
eYDSRUDWLRQGHODFDQRSpH4VNJPV5XLVVHOOHPHQWGHVXUIDFH
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ZHWZ0rPHVLODYHUVLRQ,6%$/SUHQGHQFRPSWHOHJHOGXVROHWOHVSUpFLSLWDWLRQVVROLGHVFHV
SURFHVVXVQHVRQWSDVGpFULWVLFLSXLVTX
LOVQ
LQWHUYLHQQHQWSDVGDQVOHEDVVLQGX1LJHU'DQVFHFDVOH
PRGqOHGHVXUIDFH,6%$FDOFXOHO
pYROXWLRQWHPSRUHOOHGHYDULDEOHVSURQRVWLTXHVOLpHVDX[ELODQV
pQHUJpWLTXHHWK\GULTXHHWUHSUpVHQWDWLYHVGHODWHPSpUDWXUHHWGHO
HDXGXVRO7DEOHDX

7DEOHDX/LVWHGHVYDULDEOHVSURQRVWLTXHVG
,6%$
9DULDEOHVSURQRVWLTXHV 6\PEROHV
%LODQG
pQHUJLH x 7HPSpUDWXUHGHODFRXFKHGHVXUIDFH 76x 7HPSpUDWXUHGHODFRXFKHUDFLQDLUH 7
%LODQG
HDX x &RQWHQXHQHDXGHFKDTXHFRXFKH ZLL x &RQWHQXHQHDXGXUpVHUYRLUG
LQWHUFHSWLRQGHODFDQRSpH ZU

/¶pTXDWLRQGHELODQG
pQHUJLHFDOFXOHjFKDTXHSDVGHWHPSVGXPRGqOHODYDULDWLRQGHVWHPSpUDWXUHV
GHVXUIDFHHWGXVRO ௗ்ೄௗ௧ ൌ ܥ்ሺܴ௡ െ ܪ െ ܮܧሻ െ ଶగఛ ሺ ௌܶ െ ଶܶሻ   (Tௗ మ்ௗ௧ ൌ ଵఛ ሺ ௌܶ െ ଶܶሻ     (T
R&7P.-FRUUHVSRQGDXFRHIILFLHQWG
LQHUWLHWKHUPLTXHGXFRPSRVLWHVROYpJpWDWLRQ5Q:
PDXUD\RQQHPHQWQHW+:PDXIOX[GHFKDOHXUVHQVLEOH/(:PDXIOX[GHFKDOHXUODWHQW
HWHQILQĲVjXQHFRQVWDQWHWHPSRUHOOHIL[pHjXQMRXU
/¶pTXDWLRQGXELODQG
HDXFDOFXOHjFKDTXHSDVGHWHPSVODYDULDWLRQGXFRQWHQXHQHDXGHFKDFXQH
GHV FRXFKHV GH VRO R & FRUUHVSRQG DX FRHIILFLHQW G
pFKDQJH G
KXPLGLWp HQWUH OD VXUIDFH HW
O
DWPRVSKqUH ௗ௪భௗ௧ ൌ ஼భఘೢௗభ ሺܫ௥ െ ܧ௦௢௜௟ሻ െ ܦଵ  ݓ௠௜௡ ൑ ݓଵ ൑ ݓ௦௔௧  (Tௗ௪మௗ௧ ൌ ஼భఘೢௗమ ൫ܫ௥ െ ܧ௦௢௜௟ െ ܧ௧௥௔௡௦௣൯ െ ܭଶ െ ܦଶ ݓ௠௜௡ ൑ ݓଶ ൑ ݓ௦௔௧ (Tௗ௪యௗ௧ ൌ ௗమሺௗయିௗమሻ ሺܭଶ ൅ ܦଶሻ െ ܭଷ ݓ௠௜௡ ൑ ݓଷ ൑ ݓ௦௔௧ (Tௗ௪೟ௗ௧ ൌ ݒ݁݃ ൈ ܲ െ ܧ௥ െ ܴ௥ Ͳ ൑ ݓ௥ ൑ ݓ௥೘ೌೣ  (T
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/HVWHUPHVGHJDXFKHGHV(TjFRUUHVSRQGHQWDX[GLIIpUHQWVSURFHVVXVSK\VLTXHVFRPPH
O¶LQILOWUDWLRQ O¶pYDSRUDWLRQ OD GLIIXVLRQ HWF« TXH OH PRGqOH GRLW UHSUpVHQWHU YLD VRQ V\VWqPH
G¶pTXDWLRQVVLPSOLILpHVRXSDUDPpWULVDWLRQH[SOLFLWpHVFLGHVVRXV

 Evapotranspiration (E) 
/
pYDSRWUDQVSLUDWLRQUHSUpVHQWHODVRPPHGHO
pYDSRUDWLRQGHO
HDXFRQWHQXHGDQVOHVRO(VRLO
(T    HW GH O
pYDSRWUDQVSLUDWLRQ GH OD YpJpWDWLRQ (YHJ(T   SRXYDQW rWUH VFLQGpH HQ
WUDQVSLUDWLRQGHODYpJpWDWLRQHWpYDSRUDWLRQGHO
HDXVWRFNpHVXUODFDQRSpH(WUDQVS(FDQRS)LJXUH
 ܧ௦௢௜௟ ൌ ሺͳ െ ݒ݁݃ሻߩ௔ܥு ௔ܸሾ݄௨ݍ௦௔௧ሺ ௌܶǡ ௌܲሻ െ ݍ௔ሿ  (Tܧ௩௘௚ ൌ ݒ݁݃ߩ௔ܥு ௔ܸ݄௩ሾݍ௦௔௧ሺ ௦ܶ ǡ ௦ܲሻ െ ݍ௔ሿ  (T
ȡD HWTDFRUUHVSRQGHQW UHVSHFWLYHPHQWj ODGHQVLWpHW O
KXPLGLWpGH O
DLU HWTVDW7V4V j O
KXPLGLWp
UHODWLYHGHO
DLUjXQHWHPSpUDWXUH7VHWXQHSUHVVLRQ3VKXUHSUpVHQWHO
KXPLGLWpUHODWLYHGXVROHWKY
OHFRHIILFLHQWG¶+DOVWHDG(QILQ&+UHSUpVHQWHOHFRHIILFLHQWGHWUDLQpHjODVXUIDFHHW9DODYLWHVVHGX
YHQWPV

 Diffusion (D) 
/DGLIIXVLRQHQWUHOHVFRXFKHVZZ'HWZZ'SHUPHWODFLUFXODWLRQYHUWLFDOHGHO
HDX
G
XQHFRXFKHjO
DXWUH/HVHQVGHO
pFKDQJHGpSHQGGXVHQVGXJUDGLHQWG
KXPLGLWpO
HDXVHGpSODoDQW
GHODFRXFKHODSOXVKXPLGHYHUVODFRXFKHODSOXVVqFKH&HVWUDQVIHUWVYHUWLFDX[VRQWGpFULWVSDUOHV
pTXDWLRQVVXLYDQWHV ܦଵ ൌ ஼మఛ ሺݓଵ െ ݓ௚௘௤ሻ    (Tܦଶ ൌ ஼రఛ ሺݓଶ െݓଷሻ   (T
&HV pTXDWLRQV GpSHQGHQW GH FRHIILFLHQWV ©IRUFHUHVWRUHª GH GLIIXVLRQ GHV FRXFKHV GH VXUIDFH HW
UDFLQDLUH&HW&ZJHTFRUUHVSRQGDXFRQWHQXHQHDXGHODVXUIDFHGDQVGHVFRQGLWLRQVG
pTXLOLEUH
GHV IRUFHVJUDYLWDWLRQQHOOHVHWFDSLOODLUHV ,O HVWFDOFXOpjSDUWLUGHVSURSULpWpVK\GUDXOLTXHVGXVRO
JUkFHj O¶pTXDWLRQVXLYDQWHRDHWSVRQWGHVSDUDPqWUHVHPSLULTXHVGpSHQGDQWVGH OD WH[WXUHGX
VRO ௪భ೒೐೜௪భ ൌ ௪మ௪ೞೌ೟ െ ܽ ቀ ௪మ௪ೞೌ೟ቁ௣ ൤ͳ െ ቀ ௪మ௪ೞೌ೟ቁ଼௣൨  (T
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 Drainage (K) 
'HX[W\SHVGHIOX[YHUWLFDX[JUDYLWDWLRQQHOVG
HDXVRQWGLVWLQJXpVOHGUDLQDJHGHODFRXFKH
GHVROZYHUVODFRXFKHGHVROZ.(THWOHGUDLQDJHGHODFRXFKHGHVROZTXLIDLWVRUWLU
O
HDXJUDYLWDWLRQQHOOHGHODFRORQQHGHVRO.(T&HWWHHDXVHUDHQVXLWHURXWpHGDQVOHUpVHDX
K\GURORJLTXHSDU75,3 ܭଶ ൌ ஼యௗయఛௗమ ݉ܽݔൣͲǡ ൫ݓଶ െ ݓ௙௖൯൧   (Tܭଷ ൌ ஼యఛ ௗయሺௗయିௗమሻ݉ܽݔൣͲǡ ൫ݓଷ െ ݓ௙௖൯൧   (T
&HVWOHFRHIILFLHQW©IRUFHUHVWRUHªGHGUDLQDJHHWĲFRUUHVSRQGjODSpULRGHGHWHPSVIL[pHjXQ
MRXU

 Ruissellement de surface (QS) 
/DSURGXFWLRQ GX UXLVVHOOHPHQW j SDUWLU GHV SUpFLSLWDWLRQV DWWHLJQDQW ODPDLOOH HVW XQ SRLQW
HVVHQWLHO HW YD GpWHUPLQHU OD FDSDFLWp GXPRGqOH j UHSURGXLUH XQH UpSRQVH K\GURORJLTXH UpDOLVWH
3OXVLHXUVRSWLRQVVRQWSURSRVpHVGDQV,6%$SRXUPRGpOLVHUODSURGXFWLRQGHUXLVVHOOHPHQWDYHFGHV
SDUDPpWULVDWLRQVSOXVRXPRLQVFRPSOH[HVVHORQTXHO¶K\GURORJLHVRXVPDLOOHHVWFRQVLGpUpHRXQRQ
,FL O¶RSWLRQ ©6*+ª HVW DFWLYpH SRXU SUHQGUH HQ FRPSWH L OD GLVWULEXWLRQ VRXVPDLOOH GHV
SUpFLSLWDWLRQVHWGHVSDUDPqWUHVLPSOLTXpVGDQVOHVSURFHVVXVK\GURORJLTXHVWHOTXHODVDWXUDWLRQGX
VROLLODGLIIpUHQWLDWLRQHQWUHOHUXLVVHOOHPHQWGH'XQQHHWG¶+RUWRQ/RUVTXHO¶RSWLRQ©6*+ªHVW
DFWLYpH OH UXLVVHOOHPHQW GH VXUIDFH WRWDO VLPXOp SDU ,6%$ 46 UpVXOWH GH GHX[ FRPSRVDQWHV
GLVWLQFWHVOHUXLVVHOOHPHQWGH'XQQHܳௌ஽ HWOHUXLVVHOOHPHQWGH+RUWRQܳௌு(Tܳௌ ൌ ܳௌ஽ ൅ ሺͳ െ ௦݂௔௧ሻܳௌு   (T
/H IRUPDOLVPH GX UXLVVHOOHPHQW GH'XQQH (T   FRUUHVSRQG DX SURGXLW GH OD SOXLH UpHOOH
DWWHLJQDQWOHVRO3JHWGHODIUDFWLRQGHODFHOOXOHGRQWOHVROHVWVDWXUpIVDWܳௌ஽ ൌ ௚ܲ ௦݂௔௧    (T
IVDWHVWLQYHUVHPHQWSURSRUWLRQQHOOHDXGpILFLWGHVWRFNDJH'WPGHODFHOOXOH(TͲ ൑ ܦ௧ ൌ ሺݓ௦௔௧ െݓଶതതതതሻ ൈ ݀ଶതതത ൑ ݀଴   (T݀଴ ൌ ሺݓ௦௔௧ െݓ௪௜௟௧ሻ ൈ ݀ଶതതത   (T
'DQVOHV(THWGPFRUUHVSRQGDXGpILFLWORFDOPD[LPXPݓଶതതതതDXFRQWHQXHQHDXPR\HQ
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GHODFRXFKHUDFLQDLUHZHW݀ଶതതതjODSURIRQGHXUGHODFRXFKHUDFLQDLUH
/DSDUDPpWULVDWLRQGX UXLVVHOOHPHQWGH+RUWRQ (TSUHQGHQFRPSWHXQHGLVWULEXWLRQVRXV
PDLOOHGHODSOXLH3LHWGHODFDSDFLWpG
LQILOWUDWLRQPD[LPDOHGXVRO,Lܳௌு ൌ ߤ ׬ ሺ ௜ܲ െ ܫ௜ሻ݂ሺ ௜ܲሻ݀ ௜ܲஶூ೔    (T
3LFRUUHVSRQGDX[SUpFLSLWDWLRQVTXLVRQWGLVWULEXpHVVRXVPDLOOHJUkFHjODIRQFWLRQGHSUREDELOLWp
GHGLVWULEXWLRQI3LVXLYDQWH ݂ሺ ௜ܲሻ ൌ ఓ௉ത ݁ିఓሺ௉೔ ௉തΤ ሻ    (T
RܲതFRUUHVSRQGjODPR\HQQHGHVSUpFLSLWDWLRQVVXUODFHOOXOHGHODJULOOHHWȝjODIUDFWLRQGHODJULOOH
WRXFKpHSDUOHVSUpFLSLWDWLRQVGpWHUPLQpHSDUO¶pTXDWLRQVXLYDQWH)DQHWDOߤ ൌ ͳ െ ݁ିఉ௉ത    (T
ȝHVWHOOHPrPHIRQFWLRQGHODSOXLHPR\HQQHHWGpSHQGGHODUpVROXWLRQVSDWLDOHYLDXQSDUDPqWUHȕ
6XUODEDVHGHVWUDYDX[GH)DQHWDO3HWHU/LGDUGHWDORQWGpYHORSSpXQH IRUPXOH
G¶HVWLPDWLRQGHȕ(TVXUODEDVHG¶REVHUYDWLRQVGHODVWUXFWXUHILQHGHVSOXLHVSDUUDGDUDX[
(WDWV8QLVHQWUHHWHWRG[UHSUpVHQWHODUpVROXWLRQVSDWLDOHHQNPUDFLQHFDUUpHGHO¶DLUH
G¶XQHFHOOXOHGHODJULOOHHQNP ߚ ൌ Ͳǡʹ ൅ Ͳǡͷ݁ି଴ǡ଴ଵௗೣ  (T
/HFKDSLWUHDERUGHOHVOLPLWHVGHFHWWHIRUPXODWLRQGHODGLVWULEXWLRQGHODSOXLHVRXVPDLOOHHWGH
VRQLPSDFWVXUODPRGpOLVDWLRQGXUXLVVHOOHPHQWGHW\SH+RUWRQLHQܳௌுGpSHQGDXVVLGHODFDSDFLWpPD[LPDOHG¶LQILOWUDWLRQ,L(TGRQWODPR\HQQHVXUXQHFHOOXOH
HVWHVWLPpHJUkFHjO¶(TSXLVHVWGLVWULEXpHVRXVPDLOOHJUkFHjXQHIRQFWLRQH[SRQHQWLHOOHJ,L
(T ܫ ҧ ൌ ܭ௦௔௧ ቂ௕ߖೞೌ೟ௗ೔ ቀ ௪మ௪ೞೌ೟כ െ ͳቁ ൅ ͳቃ   (T݃ሺܫ௜ሻ ൌ ଵூҧ ݁ିூ೔ ூҧΤ     (T
'DQVO¶(T.VDWFRUUHVSRQGjODFRQGXFWLYLWpK\GUDXOLTXHjVDWXUDWLRQEjODSHQWHGHODFRXUEH
UpWHQWLRQȌVDW DX SRWHQWLHO PDWULFLHO j VDWXUDWLRQ GL HWݓݏܽݐכ  j OD SURIRQGHXU HW OD SRURVLWp GX VRO
7DEOHDX


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 Infiltration (I) 
8QHSDUWLHGHO
HDXDWWHLJQDQWOHVROSUpFLSLWDWLRQ3HWUXLVVHOOHPHQWGHODFDQRSpH5UUXLVVHOOH
4VHWXQHDXWUHSDUWLHV
LQILOWUHVHORQO
(TRYHJUHSUpVHQWHODSDUWLHGHODPDLOOHTXL
HVW UHFRXYHUWH GH YpJpWDWLRQ HW SRXU ODTXHOOH OD SUpFLSLWDWLRQ HVW LQWHUFHSWpH SDU OD FDQRSpH /
µLQILOWUDWLRQHVWGRQFFDOFXOpHFRPPHXQUpVLGXGXUXLVVHOOHPHQWܫ௥ ൌ ሺͳ െ ݒ݁݃ሻܲ ൅ ܴ௥ െ ܳ௦    (T

 Paramètres d'ISBA 
/DSDUDPpWULVDWLRQG
,6%$DpWpPHQpHGDQVO
REMHFWLIGHPLQLPLVHUOHQRPEUHGHSDUDPqWUHV
G
HQWUpHQpFHVVDLUHVjODPRGpOLVDWLRQGHVSURFHVVXVGLVFXWpVFLGHVVXV&HVSDUDPqWUHVVRQWUHODWLIV
DX W\SH GH VRO HW GH YpJpWDWLRQ LOV VRQW YDULDEOHV VSDWLDOHPHQW )LJXUH   HW SHXYHQW pYROXHU
WHPSRUHOOHPHQW DILQ GH SUHQGUH HQ FRPSWH OHVPRGLILFDWLRQV VDLVRQQLqUHV/HV SDUDPqWUHV G
,6%$
7DEOHDXSHXYHQWrWUHVpSDUpVHQGHX[FDWpJRULHVSULPDLUHVHWVHFRQGDLUHV/HVSUHPLHUVVRQW
GpWHUPLQpVSDUOHW\SHGHVROHWRXGHYpJpWDWLRQOHVVHFRQGVGpFRXOHQWGHVSUHPLHUVHWGpFULYHQWOHV
FDUDFWpULVWLTXHVSK\VLTXHVGXVROHWGHODYpJpWDWLRQTXLLQIOXHQFHQWOHVIOX[HWOHELODQG¶HDXGXVRO

 Paramètres primaires  
/HVSDUDPqWUHVSULPDLUHVHWVHFRQGDLUHV OLpVj ODYpJpWDWLRQVRQWUHJURXSpVGDQV ODEDVHGH
GRQQpHV(FRFOLPDSGpYHORSSpHj0pWpR)UDQFHSDU0DVVRQHWDO(FRFOLPDSDpWpGpYHORSSpH
GDQVOHEXWG
LQLWLDOLVHUOHVPRGqOHVPpWpRURORJLTXHVHWFOLPDWLTXHVHWVHEDVHVXUGLYHUVHVEDVHVGH
GRQQpHVDILQGHUHJURXSHUXQPD[LPXPG
LQIRUPDWLRQVSRXUGpFULUH ODVXUIDFHjXQHUpVROXWLRQGH
NP/DEDVHGHGRQQpHVGHOD)$2)RRGDQG$JULFXOWXUH2UJDQL]DWLRQIRXUQLWOHVGRQQpHVVXUOD
WH[WXUHGXVROjXQHUpVROXWLRQGHNP/HVEDVHVGHGRQQpHVGHO
8QLYHUVLWpGX0DU\ODQG80'
+DQVHQ HW DO  HW GH ,*%3',6 ,QWHUQDWLRQDO *HRVSKHUH%LRVSKHUH 3URJUDPPH 'DWD DQG
,QIRUPDWLRQ6\VWHP/RYHODQGHWDOIRXUQLVVHQWOHW\SHGHVXUIDFHGDQVOHPRQGHDORUVTXHOHV
EDVHVGHGRQQpHV&25,1(&RRUGLQDWLRQRI,QIRUPDWLRQRQWKH(QYLURQHPHQW+H\PDQQHWDO
HW3(/&203DQ(XURSHDQ/DQG&RYHU0RQLWRULQJ0XFKHUHWDOVRQWXWLOLVpHVHQ(XURSH$
SDUWLUGHFHVEDVHVGHGRQQpHVVXUOHVW\SHVGHVROHWGHYpJpWDWLRQ0DVVRQHWDORQWGpULYpOHV
YDOHXUVGHVSDUDPqWUHVSULPDLUHVIUDFWLRQG¶DUJLOHHWGHVDEOHW\SHGHYpJpWDWLRQpPLVVLYLWpDOEHGR
SURIRQGHXUGXVRO'DQVODYHUVLRQGXPRGqOHXWLOLVpHSRXUFHWWHpWXGHODEDVHGHGRQQpHV(FRFOLPDS
FRXYUHODSpULRGH
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
7DEOHDX/LVWHGHVSDUDPqWUHVG
,6%$
 3DUDPqWUHVSULPDLUHV 3DUDPqWUHVVHFRQGDLUHV 6\PEROHV
6RO )UDFWLRQG
DUJLOH  ;FOD\
 )UDFWLRQVDEOH  ;VDQG
  &RQWHQXHQHDXjVDWXUDWLRQ ZVDW
  &RQWHQXHQHDXDXjODFDSDFLWpDXFKDPS ZIF
  &RQWHQXHQHDXDXSRLQWGHIOpWULVVHPHQW ZZLOW
  &RQGXFWLYLWpK\GUDXOLTXHjVDWXUDWLRQ .VDW
  3RWHQWLHOK\GULTXHjVDWXUDWLRQ ȌVDW
  3HQWHGHODFRXUEHGHUpWHQWLRQ E
  &RHIILFLHQWGHUpJUHVVLRQZJHT DS
  &RHIILFLHQWWKHUPLTXHGXVROQXjVDWXUDWLRQ &JVDW
  9DOHXUGXFRHIILFLHQWGH©IRUFHUHVWRUHª&jVDWXUDWLRQ &VDW
  9DOHXUGXFRHIILFLHQWGH©IRUFHUHVWRUHª&SRXUZ ZVDW &UHI
  &RHIILFLHQWGH©IRUFHUHVWRUHª& &LL 
  &RHIILFLHQWGH©IRUFHUHVWRUHª& &
9pJpWDWLRQ 7\SHGHYpJpWDWLRQ  
  )UDFWLRQGHYpJpWDWLRQ YHJ
  ,QGLFHGHVXUIDFHIROLDLUH /$,
  5pVLVWDQFHVWRPDWLTXHPLQLPDOH 5VPLQ
  +DXWHXUGHUXJRVLWp ]
6RO (PLVVLYLWp  İ
(W $OEHGR  Į
9pJpWDWLRQ 3URIRQGHXUGHVRO  GLL 

 Paramètres secondaires liés à la végétation 
/D IUDFWLRQGHYpJpWDWLRQDXVHLQG
XQHPDLOOHYHJHVWFRPSULVHHQWUHHWHWSHUPHWGH
GpWHUPLQHU OD IUDFWLRQ GH VRO QX  ± YHJ /
LQGLFH GH VXUIDFH IROLDLUH /$, /HDI $UHD ,QGH[
FRUUHVSRQGDXUDSSRUWHQWUHODVXUIDFHIROLDLUHSDUXQLWpGHVXUIDFHGHVROHWFDUDFWpULVHODFDQRSpH
/D UpVLVWDQFH VWRPDWLTXH UHSUpVHQWDQW OD UpVLVWDQFH GH OD IHXLOOH j OD WUDQVSLUDWLRQ OD UpVLVWDQFH
VWRPDWLTXHPLQLPDOH5VPLQFRUUHVSRQGjODUpVLVWDQFHVWRPDWLTXHGHODIHXLOOHGDQVGHVFRQGLWLRQV
G
HQVROHLOOHPHQWHWGHFDSDFLWpK\GULTXHPD[LPDOH/DKDXWHXUGHUXJRVLWp]GpSHQGGHODVWUXFWXUH
GHODYpJpWDWLRQHWLQIOXHQFHOHVpFKDQJHVGHIOX[WXUEXOHQWVjODVXUIDFH
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 Paramètres secondaires liés au sol 
x &RHIILFLHQWVGH©IRUFHUHVWRUHª
/H ELODQ K\GULTXH GDQV OH VRO G
,6%$ HVW EDVp VXU OD PpWKRGH GH ©IRUFH UHVWRUHª &
HVW
'HDUGRUIITXLDSSOLTXHSRXUODSUHPLqUHIRLVFHWWHPpWKRGHDXFRQWHQXHQHDXGXVRODILQGH
SUHQGUH HQ FRPSWH FHV YDULDWLRQV GLXUQHV /D FDOLEUDWLRQ GHV FRHIILFLHQWV GH ©IRUFHUHVWRUHª HVW
UpDOLVpHSDUOH&150jO
DLGHG
XQPRGqOHPXOWLFRXFKHVGHGLIIXVLRQG
HDXGDQVOHVRO
x 3DUDPqWUHVOLpVDX[IOX[G¶HDX
/HVIOX[YHUWLFDX[G
HDXGDQVOHVROG
,6%$VRQWUpJLVSDUOHVpTXDWLRQVGH'DUF\HWGH5LFKDUGV
TXLLPSOLTXHQWODFRQGXFWLYLWpK\GUDXOLTXHHWOHSRWHQWLHOK\GULTXH&HVYDULDEOHVVRQWOLpHVDXFRQWHQX
HQHDXGXVROSDU OHVUHODWLRQVGH%URRNVHW&RUH\HW&ODSSHW+RUQEHUJHUTXL IRQW
LQWHUYHQLUEȥVDWZVDWDQGNVDWHVWLPpVSRXUOHVGLIIpUHQWHVFODVVHVGHW\SHVROJUkFHjODFODVVLILFDWLRQ
WH[WXUDOHGHO
86'$8QLWHG6WDWH'HSDUWPHQWRI$JULFXOWXUHHWSHUPHWWHQWG¶HVWLPHUOHVSDUDPqWUHV
ZZLOWHWZIF
x 3DUDPqWUHVOLpVDX[IOX[GHFKDOHXU
/HFRHIILFLHQW WKHUPLTXHGXVROQXj VDWXUDWLRQ &JVDWHVW FDOFXOpjSDUWLUGH OD UHODWLRQGH
0F&XPEHUHW3LHONHTXLUHOLHOHVSURSULpWpVWKHUPLTXHVGXVROFDSDFLWpWKHUPLTXHYROXPLTXH
&JHWODFRQGXFWLYLWpWKHUPLTXHȜDXFRQWHQXHQHDXDLQVLTX
jODWH[WXUHGXVRO
x 3DUDPqWUHVOLpVjODWRSRJUDSKLH
/
DOWLWXGHPR\HQQHGHFKDTXHFHOOXOHGHODJULOOHHVWGpWHUPLQpHjSDUWLUGHODEDVHGHGRQQpHV
*7232 /
LPSOpPHQWDWLRQ GX IRUPDOLVPH GH 72302'(/ SRXU OH UXLVVHOOHPHQW GH 'XQQH
QpFHVVLWHO
LQGLFHWRSRJUDSKLTXHȜ/DGLVWULEXWLRQVSDWLDOHGHFHWLQGLFHDXVHLQGHFKDTXHPDLOOHHVW
HVWLPpHSDUODGLVWULEXWLRQJDPPDjWURLVSDUDPqWUHV6LYDSDODPHWDO/HVWURLVLQGLFHVpWDQW
ODPR\HQQHO
pFDUWW\SHHWO
REOLTXLWpVNHZQHVVGHODGLVWULEXWLRQVSDWLDOHUpHOOHG
ȜLVVXHGHODEDVH
GHGRQQpHV+<'52.GLVSRQLEOHjNP





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




)LJXUH&DUWHGXSDUDPqWUH.VDWFRQGXFWLYLWpK\GUDXOLTXHjVDWXUDWLRQGXPRGqOH,6%$VXU
ODIHQrWUH2XHVW$IULFDLQHSRXUO¶LPSOpPHQWDWLRQVXUOHEDVVLQGX1LJHU&HSDUDPqWUHGpSHQGGH
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 Modèle de routage TRIP 
 
 Historique 
75,3±SRXU7RWDO5XQRII,QWHJUDWLQJ3DWKZD\V±DpWpGpYHORSSpjO
8QLYHUVLWpGH7RN\RSDU
2NLHW6XGLOFRQVWLWXHXQUpVHDXK\GURORJLTXHJOREDOG
XQHUpVROXWLRQGHTXLIRXUQLW
OHVPRXYHPHQWV ODWpUDX[GH O
HDXHQVXUIDFH75,3DpWpGpYHORSSpGDQV OHEXWG
rWUHDVVRFLpjXQ
PRGqOHGHVXUIDFHDILQGHURXWHUOHUXLVVHOOHPHQWGDQVOHUpVHDXK\GURORJLTXHHWGHPRGpOLVHUOHGpELW
HQ WRXWSRLQWGH ODJULOOH$ O
RULJLQHGXFRXSODJHDYHF ,6%$75,3Q
pWDLW FRQVWLWXpTXHG
XQVHXO
UpVHUYRLUFRUUHVSRQGDQWjODVXUIDFH6OLpHOLQpDLUHPHQWjODPDVVHG
HDXGHODULYLqUHHWjODYLWHVVH
GHO
pFRXOHPHQWpWDLWFRQVWDQWHPV'HSXLVWURLVUpVHUYRLUVRQWpWpDMRXWpVDILQGHSUHQGUHHQ
FRPSWHOHVHDX[VRXWHUUDLQHV*'HFKDUPHHWDO OHV]RQHV LQRQGpHV)'HFKDUPHHWDO
HWHWOHVDTXLIqUHVSURIRQGV$T3HGLQRWWLHWDOHWODYLWHVVHG
pFRXOHPHQWYDULH
PDLQWHQDQWVSDWLDOHPHQW'HFKDUPHHWDODPpOLRUDQWDLQVLODVLPXODWLRQK\GURORJLTXH

 Formalisme des processus 
&HVWUDYDX[VRQWEDVpVVXUODYHUVLRQGXFRXSODJH,6%$75,3XWLOLVpSDU3HGLQRWWLHWDO
HW3HGLQRWWLHWFRUUHVSRQGjODYHUVLRQGH685)(;'DQVFHWWHYHUVLRQ75,3HVWFRQVWLWXp
GH UpVHUYRLUV± OD VXUIDFH 6 OHVHDX[VRXWHUUDLQHV * OHV]RQHV LQRQGpHV )HW OHVDTXLIqUHV
SURIRQGV$T±GRQWO
pYROXWLRQGXYROXPHHQHDXHVWUpJLHSDUOHVpTXDWLRQVVXLYDQWHV


)LJXUH6FKpPDWLVDWLRQGHVSURFHVVXVGH75,3VRXUFH3HGLQRWWL
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ௗௌௗ௧ ൌ ܳ௜௡ௌ ൅ ܳ௢௨௧ீ ൅ ൫ܳ௢௨௧ி െ ܳ௜௡ி ൯ െ ܳ௢௨௧ௌ    (Tௗௗீ௧ ൌ Įܳ௦௕ െ ܳ௢௨௧ீ       (Tௗிௗ௧ ൌ ܳ௜௡ி ൅ ൫ ௙ܲ െ ܫ௙ െ ܧ௙൯ െ ܳ௢௨௧ி     (Tௗ஺௤ௗ௧ ൌ ሺͳ െ ߙሻܳ௦௕ െ ܳ௢௨௧஺௤      (T
R4RXWHW4LQUHSUpVHQWHQWUHVSHFWLYHPHQWOHVHQWUpHVHWOHVVRUWLHVG
HDXGDQVFKDFXQGHVUpVHUYRLUV
,I3I(IUHSUpVHQWHQWUHVSHFWLYHPHQWO
LQILOWUDWLRQO
LQWHUFHSWLRQGHVSUpFLSLWDWLRQVHWO
pYDSRUDWLRQDX
QLYHDXGHV]RQHVLQRQGpHVĮpWDEOLWODSDUWLWLRQGHVHDX[GHGUDLQDJHHQWUHOHVHDX[VRXWHUUDLQHVĮ
HWOHVDTXLIqUHVSURIRQGV±Į

 Le réservoir de surface (S) 
/HUpVHUYRLUGHVXUIDFHGDQV75,3FRUUHVSRQGjODULYLqUHO
pYROXWLRQGHVRQVWRFNHVWGpFULWH
SDUO
(T3RXUXQHFHOOXOHOHIOX[G
HDXHQWUDQWHQVXUIDFHܳ௜௡ௌ HVWFRQVWLWXpGXUXLVVHOOHPHQW
GHVXUIDFHFDOFXOpSDU,6%$PXOWLSOLpSDUODVXUIDFHGHODFHOOXOHHWGXIOX[G
HDXGHVXUIDFHVRUWDQWܳ௢௨௧ௌ GHVFHOOXOHVDGMDFHQWHVFRQWULEXWULFHVGpWHUPLQpSDUOHUpVHDXGH75,3/HIOX[G
HDXVRUWDQW
G
XQH FHOOXOH ܳ௢௨௧ௌ  (T   FRUUHVSRQG DX GpELW HW HVW FDOFXOp SDU 75,3 JUkFH j XQH YLWHVVH
G
pFRXOHPHQWYDULDEOHYPVHVWLPpHJUkFHjODIRUPXOHGH0DQQLQJ(Tܳ௢௨௧ௌ ൌ ௩௅ ܵ      (Tݒ ൌ ఑௡ೝ೔ೡ ܴଶ ଷΤ ݏଵ ଶΤ     (T
'DQVO¶(T/PHVWODORQJXHXUGHODULYLqUHHW6NJHVWODPDVVHG
HDXVWRFNpHGDQVODULYLqUH
'DQVO
pTXDWLRQGH0DQQLQJ(TțPVHVWXQHFRQVWDQWHpJDOHjQULYHVWOHFRHIILFLHQW
GHUXJRVLWpRXFRHIILFLHQWGH0DQQLQJ5PHVWOHUD\RQK\GUDXOLTXHHWVUHSUpVHQWHODSHQWH/H
UD\RQK\GUDXOLTXHHVWGpFULWSDUODUHODWLRQVXLYDQWHܴ ൌ ௐ௛ೞௐାଶ௛ೞ     (T
R݄௦ ൌ ௌ௅ௐఘೢ     (T
HWRߩ௪NJPHVWODGHQVLWpGHO¶HDXHW:PODODUJHXUGXOLWGHODULYLqUH/
pYROXWLRQWHPSRUHOOH
GXVWRFNG
HDXGDQV OD ULYLqUH QHGpSHQGSDVXQLTXHPHQWGHV IOX[G
HDXGHVXUIDFH OD ULYLqUHHVW
pJDOHPHQWDOLPHQWpHSDUOHIOX[G
HDXVRUWDQWGHVUpVHUYRLUVGHVHDX[VRXWHUUDLQHVܳ௢௨௧ீ HWGHV]RQHV
LQRQGpHVܳ௢௨௧ி (T
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 Le réservoir des eaux souterraines (G), Decharme et al. (2010) 
/
pYROXWLRQGXVWRFNG
HDXVRXWHUUDLQHVWUpJLHSDUO
(TFHUpVHUYRLUHVWDOLPHQWpSDUXQH
SDUWLHĮGXGUDLQDJHSURIRQGFDOFXOpSDU,6%$4VE/HIOX[G
HDXVRUWDQWGHFHUpVHUYRLUUHWRXUQHj
ODULYLqUHVDQVWUDQVIHUWODWpUDOOHUHWRXUV¶HIIHFWXHGDQVODPrPHFHOOXOHDSUqVXQWHPSVĲMRXUVGH
VWRFNDJHVHORQODIRUPXOHVXLYDQWH ܳ௢௨௧ீ ൌ ఛீ      (T

 Le réservoir des zones inondées (F), Decharme et al. (2008 et 2011) 
/HUpVHUYRLUFRUUHVSRQGDQWDX[]RQHVLQRQGpHVLQWHUDJLWDYHFODULYLqUHPDLVpJDOHPHQWDYHF
O
K\GURORJLHGXVROYLDO
LQILOWUDWLRQ,IHWDYHFO
DWPRVSKqUHHQLQWHUFHSWDQWOHVSUpFLSLWDWLRQV3IHWHQ
pYDSRUDQW XQH SDUWLH GH VHV VXUIDFHV G
HDX OLEUH(I(T   /HV pFKDQJHV DYHF OD ULYLqUH VRQW
GpSHQGDQWVGHODVHFWLRQWUDQVYHUVDOHULYLqUH]RQHLQRQGpHTXLHVWUHSUpVHQWpHGHPDQLqUHVLPSOHSDU
XQH JpRPpWULH UHFWDQJXODLUH )LJXUH  /D ]RQH LQRQGpH HVW DOLPHQWpH SDU OD ULYLqUH TXDQG OD
KDXWHXUGHFHWWHGHUQLqUHGpSDVVHXQHKDXWHXUFULWLTXHKF4XDQGODULYLqUHUHSDVVHHQGHVVRXVGHOD
KDXWHXUFULWLTXHF
HVWOD]RQHLQRQGpHTXLDOLPHQWHODULYLqUH,OQ
\DSDVGHWUDQVIHUWODWpUDOG
XQH
FHOOXOHjXQHDXWUHDXVHLQGHV]RQHVLQRQGpHV/HVIOX[HQWUDQWV4)LQHWVRUWDQW4)RXWVRQWFDOFXOpV
GHODPDQLqUHVXLYDQWH ܳ௜௡ி ൌ ௩೔೙ௐାௐ೑ܯ௙     (Tܳ௢௨௧ி ൌ ௩೚ೠ೟ௐାௐ೑݉݅݊൫ܯ௙ ǡ ܨ൯    (T
R:HW:IPUHSUpVHQWHQWUHVSHFWLYHPHQWOHVODUJHXUVGHODULYLqUHHWGHV]RQHVLQRQGpHV0INJ
FRUUHVSRQG j OD PDVVH G
HDX HQWUDQWHVRUWDQWH SRVLWLIQpJDWLI SRWHQWLHOOH HW HVW FDOFXOpH VHORQ
O
pTXDWLRQVXLYDQWH ܯ௙ ൌ ߩ௪ܮ௙ܹ൫݄௦ െ ݄௖ െ ݄௙൯   (T
RKVKIKFFRUUHVSRQGHQWUHVSHFWLYHPHQWDX[KDXWHXUVGHODULYLqUHGHOD]RQHLQRQGpHHWjODKDXWHXU
FULWLTXH/IUHSUpVHQWHODORQJXHXUGHOD]RQHLQRQGpHHWȡZODGHQVLWpGHO
HDXYLQHWYRXWPVVRQW
OHVYLWHVVHVGHVIORWVHQWUDQWVHWVRUWDQWVFDOFXOpHVYLDODIRUPXOHGH0DQQLQJ (THWJUkFH
DX[SHQWHVHQWUH OD ULYLqUH VLQVRXW (T DX[ UD\RQVK\GUDXOLTXHV5LQ5RXW (T HW DX
FRHIILFLHQWGH0DQQLQJSURSUHDX[SODLQHVG¶LQRQGDWLRQQI

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ݒ௜௡ǡ௢௨௧ ൌ ௦೔೙ǡ೚ೠ೟భ మΤ௡೑ ܴ௜௡ǡ௢௨௧ଶ ଷΤ    (T
DYHFݏ௜௡ ൌ ௠௔௫൫଴ǡ௛ೞି௛೎ି௛೑൯൫ௐାௐ೑൯ ଶΤ  HWݏ௢௨௧ ൌ ௠௔௫ሺ଴ǡ௛೑ା௛೎ି௛೑ሻ൫ௐାௐ೑൯ ଶΤ  (T
HWDYHFܴ௜௡ ൌ ௅೑ൈ௠௔௫ሺ଴ǡ௛ೞି௛೎ሻ௅೑ାଶൈ௠௔௫ሺ଴ǡ௛ೞି௛೎ሻ HW ܴ௢௨௧ ൌ ௅೑௛೑௅೑ାଶ௛೑ (T

 Le réservoir des aquifères profonds (Aq), Pedinotti et al. 2012 
/HUpVHUYRLUGHVDTXLIqUHVSURIRQGVHVWDOLPHQWpSDUXQHSDUWLH ĮGXGUDLQDJHSURIRQG
FDOFXOpSDU,6%$4VE(T/HGUDLQDJHODWpUDOGHVHDX[GHVDTXLIqUHVSURIRQGVYHUVO
RFpDQHVW
UHSUpVHQWpSDUODFRQVWDQWHGHWHPSVĲ$TDQQpHVܳ௢௨௧஺௤ ൌ ஺௤ఛಲ೜    (T

 Paramètres de TRIP 
/HVSDUDPqWUHVGH75,37DEOHDXFRUUHVSRQGHQWjGHVFDUDFWpULVWLTXHVSK\VLTXHVGHOD
ULYLqUHHWGHVDXWUHVFRPSDUWLPHQWVHWVRQWGLVWULEXpVVSDWLDOHPHQW)LJXUH
7DEOHDX/LVWHGHVSDUDPqWUHVGH75,3
3DUDPqWUH75,3 6\PEROH 8QLWp
/RQJXHXUGHODULYLqUH / P
3HQWHGXOLW 6 PP
/DUJHXUGXOLW : P
&RHIILFLHQWGH0DQQLQJ Q 
&RHIILFLHQWGH0DQQLQJGHV]RQHVLQRQGpHV QI 
+DXWHXUFULWLTXH KF P
&RHIILFLHQWGHSDUWLWLRQQHPHQWHQWUHHDX[
VRXWHUUDLQHVHWDTXLIqUHV Į 
7HPSVGHUHWRXUGHVHDX[VRXWHUUDLQHV Ĳ MRXUV
7HPSVGHUHWRXUGHVDTXLIqUHV Ĳ$T DQQpH


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/DORQJXHXUGHODULYLqUHHVWGpWHUPLQpHGDQV75,32NLHW6XG/DSHQWHGXOLWGHODULYLqUHV
PPHVWLVVXHG
XQHEDVHGHGRQQpHV0pWpR)UDQFHEDVpHVXUGHX[PRGqOHVQXPpULTXHVGHWHUUDLQ
671SHW+<'52.TXLRQWpWppGLWpVHW LQWHUSROpV SRXUREWHQLUGHVGRQQpHVSUpFLVHVjXQH
UpVROXWLRQGH/HFRHIILFLHQWGH0DQQLQJQ)LJXUHHVWUHOLpOLQpDLUHPHQWDXQXPpURG
RUGUH
GH OD ULYLqUH GX UpVHDX 75,3 HW HVW FDOFXOp j FKDTXH SRLQW GH JULOOH VHORQ OD IRUPXOH
VXLYDQWH'HFKDUPHHWDO݊ ൌ ݊௠௜௡ ൅ ሺ݊௠௔௫ െ ݊௠௜௡ሻ ቀ ௌை೘ೌೣିௌைௌை೘ೌೣିௌை೘೔೙ቁ  (T
QPD[HWQPLQUHSUpVHQWHQWOHVYDOHXUVPD[LPDOHHWPLQLPDOHGXFRHIILFLHQWGH0DQQLQJTXLVRQWIL[pHV
DUELWUDLUHPHQW
/DODUJHXUGHODULYLqUH:PHVWHVWLPpHGHPDQLqUHHPSLULTXHjSDUWLUG
XQHUHODWLRQDYHFOHGpELW
.QLJKWRQ$URUDHW%RHU0RRG\HW7URXWPDQܹ ൌ ݉ܽݔሺ͵Ͳǡ ߚ ൈ ܳ௬௥଴Ǥହሻ    (Tܳ௬௥଴Ǥହ PV HVW OH GpELW DQQXHOPR\HQGH FKDTXH FHOOXOH GH OD JULOOH HVWLPp j SDUWLU GH OD EDVH GH
GRQQpHV GH GpELW JOREDO GH&RJOH\  ȕ HVWXQ FRHIILFLHQW YDULDQW HQ IRQFWLRQ GH  W\SHV GH
UpJLRQVK\GURORJLTXHV
/DKDXWHXUFULWLTXHKFHVWOLpHjODODUJHXUGHODULYLqUHSDUODUHODWLRQOLQpDLUHVXLYDQWH݄௖ ൌ ܹଵ ଷΤ      (T
/HFRHIILFLHQWGH0DQQLQJHVWGpWHUPLQpGDQV OHV]RQHV LQRQGpHVQIHQ IRQFWLRQGXW\SHHWGHOD
IUDFWLRQUHFRXYUDQWHGHODYpJpWDWLRQjSDUWLUGHO¶pTXDWLRQVXLYDQWH݊௙ ൌ σ ሺݒ݁݃ݐ௜ ൈ݊௜ሻଵଶ௜ୀଵ     (T
RQL HVW OHFRHIILFLHQWGH0DQQLQJFRUUHVSRQGDQWDXW\SHGHYpJpWDWLRQ L HWYHJWL FRUUHVSRQGj OD
IUDFWLRQUHFRXYUDQWHGXW\SHGHYpJpWDWLRQL
(QILQOHFRHIILFLHQWGHUpSDUWLWLRQGHVHDX[GHGUDLQDJHĮHVWIL[pjHWOHVWHPSVGHUHWRXUGHV
HDX[VRXWHUUDLQHVHWGHVDTXLIqUHVVRQWJOREDOHPHQWIL[pjMRXUVHWDQV&HVYDOHXUVVRQWKpULWpHV
GHVWUDYDX[GHWKqVHGH3HGLQRWWL




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
 

)LJXUH&DUWHGXSDUDPqWUHQFRHIILFLHQWGH0DQQLQJ(TGXPRGqOH75,3VXUOD
IHQrWUH2XHVW$IULFDLQHSRXUO¶LPSOpPHQWDWLRQVXUOHEDVVLQGX1LJHU
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 Modélisation du Niger à Niamey 
/DVLPXODWLRQHVW UpDOLVpHDYHF OD YHUVLRQGH685)(;HQPRGH IRUFpFRXSODQW ,6%$HW
75,3DYHFODFRQILJXUDWLRQGH3HGLQRWWL/DUpVROXWLRQVSDWLDOHGXPRGqOHHVWGHHW
OD UpVROXWLRQ WHPSRUHOOH GHV HQWUpHV HW GHV VRUWLHV HVW GH K /HV FRPSRVDQWHV GX IRUoDJH
DWPRVSKpULTXHQpFHVVDLUHVTXDQGOHPRGqOHQ¶HVWSDVFRXSOpjXQPRGqOHGHFOLPDWVRQWOLVWpHVGDQV
OH7DEOHDX HW VRQW LVVXHVGHGHX[EDVHVGHGRQQpHVGLIIpUHQWHV'¶XQHSDUW OHVSUpFLSLWDWLRQV
SURYLHQQHQWGHVMHX[GHGRQQpHVGpFULWVGDQVOHFKDSLWUHGDQVODVXLWHGHFHSDUDJUDSKHOHSURGXLW
%YHVWXWLOLVpFRPPHH[HPSOH'¶DXWUHSDUWOHVDXWUHVYDULDEOHVGpFULYDQWO¶pWDWGHO¶DWPRVSKqUH
UD\RQQHPHQWVRODLUHHWDWPRVSKpULTXHYLWHVVHGXYHQWWHPSpUDWXUHKXPLGLWpHWSUHVVLRQGH O
DLU
VRQWLVVXHVGHODEDVHGHGRQQpH:)'(,:$7&+)RUFLQJ'DWDPHWKRGRORJ\DSSOLHGWR(5$,QWHULP
GDWD:HHGRQHWDOHWUpDQDO\VpHVSDU0pWpR)UDQFHHQWUHHW%'HFKDUPH

 Limite locale d'un modèle global 
 Représentation 1D des plaines d'inondation 
 /D PRGpOLVDWLRQ K\GURORJLTXH VXU O
HQVHPEOH GX EDVVLQ GX1LJHU UHVWH HQFRUH XQ GpIL HQ
SDUWLFXOLHUTXDQG LO V
DJLWGH VLPXOHU OHVSURFHVVXV VSpFLILTXHVDX'HOWD LQWpULHXU 'HFKDUPHHWDO
3HGLQRWWL HWDO0DOJUp OHVEpQpILFHVFRQVLGpUDEOHVDSSRUWpVSDU O
LPSOpPHQWDWLRQGHV
]RQHV LQRQGpHV 'HVFKDUPHHWDO OD UHSUpVHQWDWLRQ'GHFH UpVHUYRLU FRQVWLWXHXQH
OLPLWH SRXU OD PRGpOLVDWLRQ GX 'HOWD LQWpULHXU GX 1LJHU 'DQV OD UpDOLWp OD G\QDPLTXH GX GHOWD
FRUUHVSRQGjXQpODUJLVVHPHQWFRQVLGpUDEOHGXOLWSULQFLSDORO
HDXFRQWLQXHGHFLUFXOHUG
DPRQWHQ
DYDO'DQV OHPRGqOH OHPRXYHPHQW ODWpUDO G
XQHFHOOXOHj O
DXWUHGH ODPDVVHG
HDXGHVSODLQHV
G
LQRQGDWLRQQ
HVWSDVIRUPDOLVp/
LPSRUWDQWHTXDQWLWpG
HDXVWRFNpHGDQVFHUpVHUYRLUUHVWHVWDWLTXH
HWUHWRXUQHWRXMRXUVWURSHQDPRQWGDQVODULYLqUHHQWUDvQDQWXQUHWDUGGDQVODSURSDJDWLRQGHODFUXH

 Conséquences sur le Niger moyen (Niamey) 
 /D)LJXUHUHSUpVHQWHOHVGpELWVREVHUYpVHWVLPXOpVHQDPRQWHWHQDYDOGX'HOWDLQWpULHXU
j.RXOLNRURDj1LDPH\EHWj/RNRMDFHQWUHOHVDQQpHVHW.RXOLNRURHVWVLWXpGDQV
OH1LJHUVXSpULHXUHQWrWHGHEDVVLQHQDPRQWGX'HOWDLQWpULHXUHWVRQDLUHGHGUDLQDJHFRUUHVSRQGj
 FHOOXOHV a  NPð 1LDPH\ DSSDUWLHQW DX 1LJHU PR\HQ HQ DYDO GX 'HOWD LQWpULHXU TXL
LQIOXHQFHOHUpJLPHK\GURORJLTXHGHFHWWHUpJLRQ6RQDLUHGHGUDLQDJHFRUUHVSRQGjFHOOXOHV a
NPð/RNRMDFRUUHVSRQGjODFRQIOXHQFHGHOD%pQRXpHWGX1LJHUHWVHVLWXHGDQVOH1LJHU
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LQIpULHXUWUqVHQDYDOGX'HOWDLQWpULHXU6RQDLUHGHGUDLQDJHUHSUpVHQWHFHOOXOHVa
NPð 
¬ .RXOLNRUR HW /RNRMD OD VLPXODWLRQ UHSURGXLW ELHQ OHV SKDVHV G
pWLDJHV HW GH KDXWHV HDX[ /HV
SULQFLSDOHVHUUHXUVFRQFHUQHQWODGpFUXHWRXMRXUVXQSHXOHQWHHWOHSLFGHGpELWVRXYHQWLQIpULHXU
DX[ REVHUYDWLRQV¬1LDPH\ OD VLPXODWLRQ HVW EHDXFRXSPRLQV VDWLVIDLVDQWH OH GpELW VLPXOp QH
UHSURGXLWSDVOHGRXEOHSLFGHFUXHHWOHVYDOHXUVGXGpELWjO
pWLDJHVRQWV\VWpPDWLTXHPHQWVXUHVWLPpHV
$SUqVO¶XQLTXHSLFGHGpELWODVLPXODWLRQDPRUFHXQHGpFUXHLQWHUURPSXHSDUXQHSKDVHGHSODWHDX
RODEDLVVHGHVHDX[HVWUDOHQWLH&HUDOHQWLVVHPHQWHPSrFKHODGpFUXHG
DUULYHUjVRQWHUPHHWODFUXH
GHO¶DQQpHVXLYDQWHV
DPRUFHVDQVTXHOHGpELWDLWDWWHLQWOHVYDOHXUVG
pWLDJH¬1LDPH\OHSURILOEL
PRGDO GH O
K\GURJUDPPH REVHUYp HVW SURGXLW SDU O
HIIHW WDPSRQ GX GHOWD LQWpULHXU TXL UHWDUGH OHV
pFRXOHPHQWVGHVUpJLRQVDPRQWHWHQJHQGUHODFUXH*XLQpHQQHDSUqVODFUXH5RXJHFKDSLWUH'DQV
ODVLPXODWLRQjFDXVHGHVHIIHWVUHWDUGDWHXUVGHODUHSUpVHQWDWLRQ'GHVSODLQHVG
LQRQGDWLRQO
HIIHW
WDPSRQQDWXUHOGXGHOWDLQWpULHXUHVWH[DFHUEpHWOHUHWDUGGHODFUXH*XLQpHQQHHQJHQGUHXQVWRFNDJH
G
HDXWURSLPSRUWDQWGDQVODULYLqUHPrPHSHQGDQWO
pWLDJH0DLVFHVFRQVpTXHQFHVVXUOHGpELWVLPXOp
V¶HVWRPSHQWSOXVHQDYDOMXVTX
jGLVSDUDvWUHj/RNRMDQ
LPSOLTXDQWSDVG
HUUHXUPDMHXUHGXSRLQWGH
YXHGXELODQWRWDOGXEDVVLQGX1LJHU3HGLQRWWLHWDO
'HQRPEUHX[WHVWVQRQSUpVHQWpVRQWpWpUpDOLVpVSRXUDMXVWHUOHVSDUDPqWUHVGXPRGqOHHWDPpOLRUHU
ODVLPXODWLRQHQPRGLILDQWOHVYDOHXUVGXFRHIILFLHQWGH0DQQLQJSRXUDFFpOpUHUO
pFRXOHPHQWGX
WHPSVGHWUDQVIHUWGHVHDX[VRXWHUUDLQHVjODULYLqUHSRXUOLPLWHUXQUHWRXUWDUGLIGHODPDVVHG
HDXj
ODULYLqUHGHODSDUWLWLRQHQWUHOHVHDX[VRXWHUUDLQHVHWOHVDTXLIqUHVSRXUGLPLQXHUDUWLILFLHOOHPHQW
ODTXDQWLWpG
HDXGDQVODULYLqUHHWF&HVWHVWVRQWSHUPLVG
DPpOLRUHU ODUHSUpVHQWDWLRQGHODFUXH
5RXJHPDLVHQDXFXQFDVFHOOHGHODFUXH*XLQpHQQHHWGHO
pWLDJHSRXUODVWDWLRQGH1LDPH\(Q
HIIHW DXFXQ MHX GH SDUDPqWUHV QH SHXW FRPSHQVHU O¶DEVHQFH GH WUDQVIHUW ODWpUDO GH ODPDVVH G
HDX
VWRFNpHGDQVOHVSODLQHVG
LQRQGDWLRQ
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
)LJXUH    'pELWV REVHUYpV FRXUEHV QRLUHV SRLQWLOOpHV HW VLPXOpV FRXUEHV EOHXHV DYHF OD
YHUVLRQ QRPLQDOH GH 685)(; YHUVLRQ  LPSOpPHQWpH VXU O
HQVHPEOH GX EDVVLQ GX 1LJHU HW OH
IRUoDJHSOXYLRPpWULTXH%YSRXUOHVVWDWLRQVGH.RXOLNRURD1LDPH\EHW/RNRMDF
 
 Modélisation du bassin du bief Ansongo-Niamey 
 Redéfinition du domaine modélisé 
 $ILQG
pYLWHU OHVUpSHUFXVVLRQVG
XQHVLPXODWLRQGLIILFLOHGX'HOWD LQWpULHXUVXU O
pWXGHGHOD
JHQqVH HW OH VXLYL GH OD FUXH 5RXJH j1LDPH\ XQH FRQILJXUDWLRQ VSpFLILTXH GX PRGqOH D pWp
GpYHORSSpH'DQVFHWWHQRXYHOOHH[SpULHQFHQXPpULTXH OHGRPDLQHPRGpOLVpHVWUpGXLWj O¶DLUHGH
GUDLQDJH GHV SOXLHV JpQpUDQW OD FUXH 5RXJH j 1LDPH\ OH EDVVLQ GX ELHI$QVRQJR1LDPH\ /H
GpFRXSDJHGHO
DLUHGHGUDLQDJHHVWUpDOLVpjSDUWLUGXUpVHDXGHURXWDJHK\GURORJLTXHGH75,36RQW
VpOHFWLRQQpHV OHV FHOOXOHV HQWUH$QVRQJR HW 1LDPH\ FRQWULEXDQW DX GpELW j 1LDPH\ /H QRXYHDX
GRPDLQHDLQVLGpWHUPLQp)LJXUHHVWFRPSRVpGHFHOOXOHVFRUUHVSRQGDQWjXQHVXUIDFHGH
 NP HW HQJOREDQW OHV VRXV EDVVLQV GX*RURXRO GX'DUJRO HW GH OD 6LUED /H GRPDLQH LQFOXW
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pJDOHPHQWXQHSDUWLH GH OD ULYHJDXFKHDXQRUGRXHVWGH1LDPH\GpFULWHFRPPHPDMRULWDLUHPHQW
HQGRUpLTXHHWSHXFRQWULEXWULFHGDQVOD OLWWpUDWXUHPDLVTXLFRQQDLWXQUpFHQWFKDQJHPHQWDYHFGHV
FDVGHUXSWXUHVG¶HQGRUpLVPHFKDSLWUH
/HQRXYHDXGRPDLQHQ
LQFOXWSDVOD WrWHGXEDVVLQGX1LJHUGRQW ODFRQWULEXWLRQGRLWrWUHSULVHHQ
FRPSWH8QQRXYHDX IRUoDJHHVW LPSOpPHQWpjSDUWLUG
REVHUYDWLRQ LQVLWXGXGpELW MRXUQDOLHUj OD
VWDWLRQG
$QVRQJR$XQLYHDXGHODFHOOXOHFRUUHVSRQGDQWjODVWDWLRQGHPHVXUHG
$QVRQJR)LJXUH
OHOLHQHQWUH,6%$HW75,3HVWURPSXHWOHGpELWVRUWDQWGHFHWWHFHOOXOHHVWIRUFpJUkFHjODVpULH
G
REVHUYDWLRQVLQVLWX/DPLVHHQ°XYUHGHFHWWHQRXYHOOHFRQILJXUDWLRQDpWpSRVVLEOHJUkFHjO
DLGH
GH93HGLQRWWLTXLDPLVHQSODFHOHQRXYHDXIRUPDOLVPHGXPRGqOHHWjO
$%1TXLDIRXUQLOHVVpULHV
G
REVHUYDWLRQVGXGpELW

)LJXUH'RPDLQHGHODFRQILJXUDWLRQGXPRGqOH,6%$75,3VXUOHEDVVLQGXELHI$QVRQJR
1LDPH\/HVIOqFKHVQRLUHVUHSUpVHQWHQWOHVHQVGHO
pFRXOHPHQW
 
 Simulation du débit à Niamey 
(Q FRPSDUDLVRQ DYHF OHV UpVXOWDWV GH O¶LPSOpPHQWDWLRQ VXU O¶HQVHPEOH GX EDVVLQ GX1LJHU
)LJXUHODQRXYHOOHFRQILJXUDWLRQSHUPHWG¶DPpOLRUHUODVLPXODWLRQGXGpELWj1LDPH\)LJXUH
(QGHKRUVGHODVDLVRQGHVSOXLHVODVLPXODWLRQFRQVLVWHVLPSOHPHQWjSURSDJHUOHGpELWIRUFpj
$QVRQJRGDQV OH UpVHDXK\GURORJLTXH MXVTX¶j1LDPH\H[SOLTXDQW OHVQHWWHVDPpOLRUDWLRQVSRXU OD
FUXH*XLQpHQQHHWO¶pWLDJH0DOJUpWRXWOHGpELWHVWV\VWpPDWLTXHPHQWVXUHVWLPpSHQGDQWOHVPD[LPD
GHODFUXH*XLQpHQQH&HELDLVSRVLWLISURYLHQWGXGpILFLWGHGpELWREVHUYpHQWUH$QVRQJRHW1LDPH\
FKDSLWUHHWTXLQ¶HVWSDV VLPXOp/DVLPXODWLRQDYHF ODQRXYHOOHFRQILJXUDWLRQGXPRGqOH VDQV
DMXVWHPHQWGHVSDUDPqWUHVFRXUEHEOHXHQ¶HVWFHSHQGDQWSDVVDWLVIDLVDQWHFRQFHUQDQWODFUXH5RXJH
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TXLHVWV\VWpPDWLTXHPHQWVRXVHVWLPpH/DPRGpOLVDWLRQGHFHWWHFUXHGpSHQGDQWHGHSKpQRPqQHV
ORFDX[ GH ILQH pFKHOOH UXLVVHOOHPHQW GH +RUWRQ HQFURWHPHQW« GHPDQGH XQH DGDSWDWLRQ GH
FHUWDLQVSDUDPqWUHVTXLVRQWDFFHSWDEOHVJOREDOHPHQWPDLVQHFRQYLHQQHQWSOXVDSUqVXQHGHVFHQWHHQ
pFKHOOH/¶DMXVWHPHQW©PDQXHOªGHFHUWDLQVSDUDPqWUHVG¶,6%$75,3GLVFXWpGDQV OHFKDSLWUH
DPpOLRUH OD VLPXODWLRQ GH OD FUXH 5RXJH )LJXUH   FRXUEH URXJH &HW DMXVWHPHQW GLIIqUH GHV
FDOLEUDWLRQVYDOLGDWLRQVFODVVLTXHVGHVPRGqOHVK\GURORJLTXHVHWHVWH[SOLFLWpGDQVOHFKDSLWUH

)LJXUH'pELWGX1LJHUj1LDPH\REVHUYpFRXUEHQRLUHSRLQWLOOpHHWVLPXOpVDYHF685)(;
YHUVLRQ  LPSOpPHQWp VXU OH EDVVLQ GX ELHI $QVRQJR 1LDPH\ VDQV PRGLILFDWLRQ GHV
SDUDPqWUHVFRXUEHEOHXHHWDSUqVOHXUDMXVWHPHQWFRXUEHURXJHFKDSLWUH/DOLJQHSRLQWLOOpH
JULVHjPVUHSUpVHQWHOHVHXLOG¶LQRQGDWLRQ

 Impact de l’aire de drainage : contribution rive gauche 
/DFRQWULEXWLRQVLPXOpHGHODULYHJDXFKHpJDOHFHOOHGXEDVVLQGX'DUJROVRLW)LJXUH
0DOJUpGHVFDVUpFHQWVGHUXSWXUHG¶HQGRUpLVPHFKDSLWUHDXJPHQWDQWODFRQWULEXWLRQGHODULYH
JDXFKHO¶DSSRUWGHFHWWH]RQHSRXUUDLWrWUHVXUHVWLPpjFDXVHG
XQPDXYDLVURXWDJHGH75,3VXUFHWWH
]RQHWUqVSUpFLVH/D)LJXUHFRPSDUHGHX[VLPXODWLRQVUpDOLVpHVDYHFHWVDQVODULYHJDXFKHGX
ELHI/HVG\QDPLTXHVVRQWVLPLODLUHVPDLVFRPPHDWWHQGXODVLPXODWLRQDYHFODULYHJDXFKHSURGXLW
GHVGpELWVSOXVLPSRUWDQWV&HSHQGDQWjFDXVHGHODYDULDWLRQLQWHUDQQXHOOHGHODUpSDUWLWLRQVSDWLDOH
GXFXPXOGHSOXLHODGLIIpUHQFHHQWUHOHVGHX[VLPXODWLRQVQ¶HVWSDVVWDEOHG¶XQHDQQpHjO¶DXWUH/H
PDQTXHGHGRQQpHVWHUUDLQQHSHUPHWFHSHQGDQWSDVGHWUDQFKHUTXDQWDXURXWDJHOHSOXVUpDOLVWHTXL
SUHQGVUHPHQWXQHSDUWLHGHODULYHJDXFKHOHURXWDJHQDWLIGH75,3HVWGRQFFRQVHUYp


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


)LJXUH&RQWULEXWLRQVPR\HQQHVGHVGLIIpUHQWVVRXVEDVVLQVGXEDVVLQGXELHI$QVRQJR1LDPH\
jODFUXH5RXJHGH1LDPH\GHO
pWLDJHDXRFWREUHFDOFXOpHVHQWUHHW



)LJXUH'pELWGX1LJHUj1LDPH\REVHUYpFRXUEHQRLUHSRLQWLOOpHHWVLPXOpVDYHF685)(;
YHUVLRQLPSOpPHQWpHVXUOHEDVVLQGXELHI$QVRQJR1LDPH\DYHFFRXUEHURXJHRXVDQVFRXUEH
EOHXHODULYHJDXFKH/DOLJQHSRLQWLOOpHJULVHjPVUHSUpVHQWHOHVHXLOG¶LQRQGDWLRQ

 
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'pMjLPSOpPHQWpVXUOHEDVVLQGX1LJHUSDU3HGLQRWWLOHPRGqOH,6%$75,3SUpVHQWH
GLYHUVDYDQWDJHVSRXUFHVWUDYDX[GHWKqVH6DPRGpOLVDWLRQGLVWULEXpHHVWELHQDGDSWpHSRXUpWXGLHU
O¶LPSDFW GHV SUpFLSLWDWLRQV VXU O¶K\GURORJLH j SDUWLU GH SURGXLWV SOXYLRPpWULTXHV VSDWLDOLVpV 6D
PRGpOLVDWLRQjEDVHSK\VLTXHQHQpFHVVLWHSDVGHFDOLEUDWLRQYDOLGDWLRQVSpFLILTXHjFKDTXHIRUoDJH
SOXYLRPpWULTXHHWjODSpULRGHpWXGLpH(QILQ VRQIRUPDOLVPHUHSUpVHQWH OHVSURFHVVXVPDMHXUVGH
O¶K\GURORJLHGX1LJHUSODLQHG¶LQRQGDWLRQUXLVVHOOHPHQW+RUWRQLHQ
0DLVFHFKDSLWUHPHWHQpYLGHQFHOHVOLPLWHVGHFHPRGqOHJOREDOGDQVODUHSUpVHQWDWLRQGHV
SURFHVVXV ORFDX[ SDUWLFXOLHUV WHO TXH OH'HOWD LQWpULHXU GX1LJHU &HWWH VLQJXODULWp UHQG GLIILFLOH
O¶XWLOLVDWLRQGXPRGqOHLPSOpPHQWpVXUO¶HQVHPEOHGXEDVVLQGX1LJHUSRXUOHVXLYLUpJLRQDOGX1LJHU
PR\HQYRLUSRQFWXHOj1LDPH\(QHIIHWO¶K\GURORJLHGX1LJHUPR\HQDXTXHODSSDUWLHQWODYLOOHGH
1LDPH\HVWIRUWHPHQW LQIOXHQFpHSDUOH'HOWDLQWpULHXU0rPHVLjO¶pFKHOOHGXEDVVLQGX1LJHUOH
ELODQK\GULTXHVLPXOpSDU,6%$75,3HVWVDWLVIDLVDQW ODPRGpOLVDWLRQGHVFUXHVj1LDPH\QHO¶HVW
SDV
/¶XWLOLVDWLRQG¶XQDXWUHPRGqOHHVWSDUIDLWHPHQWHQYLVDJHDEOHPDLVLFLF¶HVWO¶LPSOpPHQWDWLRQ
GXPRGqOHjXQHSDUWLHFLEOpHGXEDVVLQGX1LJHUTXLHVWSULYLOpJLpH/¶LPSOpPHQWDWLRQGXPRGqOHVXU
OH EDVVLQ GX ELHI $QVRQJR1LDPH\ DVVRFLpH j XQ DMXVWHPHQW VSpFLILTXH GH FHUWDLQV SDUDPqWUHV
GLVFXWp GDQV OH FKDSLWUH VXLYDQW SHUPHW G¶DGDSWHU OD PRGpOLVDWLRQ SRXU REWHQLU GHV UpVXOWDWV
VDWLVIDLVDQWV
(QILQOHVGLIIpUHQWHVGRQQpHVXWLOLVpHVSRXUIRUFHURXpYDOXHUOHVUpVXOWDWVVRQWUpVXPpHVGDQV
OH7DEOHDX

7DEOHDX'RQQpHVQpFHVVDLUHVSRXUODPRGpOLVDWLRQDYHFOHPRGqOH,6%$75,3
8WLOLVDWLRQ 7\SH 5pVROXWLRQ 6RXUFHV
   
(QWUpHGXPRGqOH,6%$ )RUoDJHDWPRVSKpULTXHDXWUHTXHSUpFLSLWDWLRQ ±K 0pWpR)UDQFH
 )RUoDJHSOXYLRPpWULTXH ±K 'LYHUVHVFI&KDSLWUH
 )RUoDJHGHGpELWj$QVRQJR -RXUQDOLqUH $%1
   
(YDOXDWLRQGHODPRGpOLVDWLRQ 'pELWj1LDPH\ -RXUQDOLqUH $%1

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Chapitre 4 Tests de sensibilité du modèle ISBA-TRIP et 
configuration de référence 



¶XWLOLVDWLRQG¶XQPRGqOHSRXUUpSRQGUHjXQHSUREOpPDWLTXHGRQQpHGRLWrWUHSUpFpGpH
G¶XQHDQDO\VHHWG¶XQHFRPSUpKHQVLRQGHFHWRXWLO'DQVFHVWUDYDX[GHWKqVHOHPRGqOH
,6%$75,3HVWXWLOLVpSRXUPRGpOLVHU OHGpELWGX1LJHUj1LDPH\/HVSUREOpPDWLTXHVSULQFLSDOHV
LPSOLTXHQWODFDSDFLWpGXPRGqOHDVVRFLpjGLIIpUHQWVIRUoDJHVSOXYLRPpWULTXHVjUHSURGXLUHODFUXH
5RXJHGH1LDPH\/¶pWXGHSUpDODEOHGHV VHQVLELOLWpVGH O¶DMXVWHPHQWHWGHV OLPLWHVGXPRGqOHHVW
SUpVHQWpHGDQVFHFKDSLWUH/HVWHVWVGH VHQVLELOLWpUpDOLVpVVRQWQRQH[KDXVWLIVHW OHXUFKRL[DpWp
GLULJpSDUGHVREMHFWLIVSUpFLVO¶DMXVWHPHQWVLPSOHGHSDUDPqWUHVSRXYDQWDPpOLRUHUODVLPXODWLRQ
GXGpELWj1LDPH\HQSDUWLFXOLHUGHODFUXH5RXJHO¶DQDO\VHGHVVHQVLELOLWpVDX[IRUoDJHVDXWUHV
TXH SOXYLRPpWULTXHV DWPRVSKpULTXHV HW GH GpELWVPDLV DXVVL OD VHQVLELOLWp GH OD VLPXODWLRQ DX[
SDUDPqWUHVGXPRGqOHGLUHFWHPHQWOLpVjODSURGXFWLRQGHODFUXH5RXJH/¶DQDO\VHGHVUpVXOWDWVGH
OD PRGpOLVDWLRQ HW O¶pWXGH DSSURIRQGLH GHV SURFHVVXV UHSUpVHQWpV SDU OH PRGqOH RQW SHUPLV GH
VpOHFWLRQQHUOHVSDUDPqWUHVjWHVWHUSRXUUpSRQGUHjFHVTXHVWLRQV/DVHQVLELOLWpDX[SUpFLSLWDWLRQV
HVWDERUGpHGDQVFHFKDSLWUHPDLVGpYHORSSpHGDQVOHVFKDSLWUHVHW O¶DFFHQW LFLHVWPLVVXUOD
FRPSUpKHQVLRQG¶DXWUHVVHQVLELOLWpVTXLDIIHFWHQWODVLPXODWLRQK\GURORJLTXH
 
/
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 Méthodologie 
 'DQVOHFDGUHGHO
H[SpULHQFHVXUO
HQVHPEOHGXEDVVLQGX1LJHUUpVXOWDWVQRQSUpVHQWpVOHV
VHQVLELOLWpVGXPRGqOHjGLIIpUHQWVSDUDPqWUHVGH75,3FRHIILFLHQWGH0DQQLQJWHPSVGHWUDQVIHUW
GHVHDX[VRXWHUUDLQHVSDUWLWLRQQHPHQWGHVHDX[GHGUDLQDJH«pWDLHQWHQDFFRUGDYHFOHVUpVXOWDWVGH
3HGLQRWWL0DLVDXFXQHPRGLILFDWLRQGDQVOHMHXGHSDUDPqWUHVQ
DSXUpVRXGUHOHVSUREOqPHV
GHVLPXODWLRQGXGpELWj1LDPH\pYRTXpVGDQVOHFKDSLWUH'DQVOHFDGUHGHODQRXYHOOHH[SpULHQFH
FRQILJXUpHVXUOHEDVVLQGXELHI$QVRQJR1LDPH\GHQRXYHDX[WHVWVRQWpWpUpDOLVpVSRXUUpSRQGUHj
SOXVLHXUVTXHVWLRQVLFRPPHQWDPpOLRUHUODVLPXODWLRQGXGpELWj1LDPH\HQSDUWLFXOLHUSHQGDQW
ODFUXH5RXJH"LLTXHOOHVVRQWOHVVHQVLELOLWpVDX[IRUoDJHVDWPRVSKpULTXHVHWGHGpELWj$QVRQJR"
LLLGHVPR\HQQHV LQWHUDQQXHOOHVSHXYHQWHOOHVrWUHXWLOLVpHVSRXUFRPEOHU OHV ODFXQHVGHV MHX[GH
GRQQpHV GH IRUoDJH" LY TXHOOHV VRQW OHV VHQVLELOLWpV GX PRGqOH j GHV SDUDPqWUHV RX SURFHVVXV
GLUHFWHPHQWOLpVjODSURGXFWLRQGHUXLVVHOOHPHQWSHQGDQWODVDLVRQGHVSOXLHVHWTXLFRQGLWLRQQHQWOD
FUXH 5RXJHGLVWULEXWLRQ GHV SUpFLSLWDWLRQV SDUDPqWUHV K\GURORJLTXHV GX VRO SURGXFWLRQ GH
UXLVVHOOHPHQWHWF«",OQHV¶DJLWGRQFSDVLFLG¶XQLQYHQWDLUHH[KDXVWLIGHVVHQVLELOLWpVGXPRGqOH
PDLVG¶XQHpWXGHGHGLIIpUHQWHVVRXUFHVG¶LQFHUWLWXGHGDQVODVLPXODWLRQGXGpELWj1LDPH\/¶DQDO\VH
GHVVLPXODWLRQV OHVFRQQDLVVDQFHVVXUOD]RQHG¶pWXGHDLQVLTXHO¶pWXGHDSSURIRQGLHGHVSURFHVVXV
G¶,6%$75,3RQWSHUPLVG¶pPHWWUHGHVK\SRWKqVHVTXDQWDX[SDUDPqWUHVjWHVWHUSRXUUpSRQGUHDX[
TXHVWLRQVSRVpHV
/¶DQDO\VH GH VHQVLELOLWp SUpVHQWpH FLGHVVRXV D SRXU GRXEOH REMHFWLI GH PLHX[ FRPSUHQGUH HW
TXDQWLILHU OHV VRXUFHV G¶LQFHUWLWXGHV GDQV OH GpELW VLPXOp HW GH IL[HU PDQXHOOHPHQW XQ MHX GH
SDUDPqWUHV OLVWp GDQV OH 7DEOHDX   ,O QH V¶DJLW SDV LFL G¶XQH RSWLPLVDWLRQ QXPpULTXH GHV
SDUDPqWUHVG¶,6%$75,3FDUDFWpULVWLTXHGHODSKDVHGHFDOLEUDWLRQG¶XQPRGqOHK\GURORJLTXHRXGH
O¶DVVLPLODWLRQGHGRQQpHV ODFRPSOH[LWpHWODVSDWLDOLVDWLRQGHVSDUDPqWUHVGXPRGqOH,6%$75,3
UHQGUDLHQW XQH RSWLPLVDWLRQ JOREDOH WUqV ORXUGH/H EXW LFL HVW GH IL[HU XQH FRQILJXUDWLRQPRGqOH
UHSURGXLVDQWGHPDQLqUHVDWLVIDLVDQWHODG\QDPLTXHWHPSRUHOOHHWOHGRPDLQHGHYDULDWLRQGXGpELWj
1LDPH\SHQGDQWODFUXHURXJH&HWWHFRQILJXUDWLRQGHUpIpUHQFHVHUDXWLOLVpHGDQVOHVFKDSLWUHVj
SRXU DQDO\VHU O¶LPSDFW GX IRUoDJH SOXYLRPpWULTXH VXU O¶RFFXUUHQFH GHV LQRQGDWLRQV /HV WHVWV
SUpVHQWpVFLGHVVRXVVRQWUpDOLVpVDYHFOHSURGXLWSOXYLRPpWULTXH%YHQIRUoDJHFKRLVLDXYXGH
VHVERQQHVSHUIRUPDQFHVVXUOD]RQHFKDSLWUHHWGHVDUpVROXWLRQVSDWLRWHPSRUHOOH±
KELHQDGDSWpHDXPRGqOH
/HVUpVXOWDWVSUpVHQWpV LFLFRPSDUHQWV\VWpPDWLTXHPHQWSRXU1LDPH\HQWUHHW OHGpELW
REVHUYpDX[GpELWVVLPXOpVDYHFHWVDQVPRGLILFDWLRQG¶XQSDUDPqWUHSURFHVVXVRXIRUoDJH&¶HVWj
GLUHTXHODVLPXODWLRQDSUqVDMXVWHPHQWG¶XQMHXGHSDUDPqWUHV7DEOHDXFRXUEHVURXJHVVXUOHV
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ILJXUHV HVW FRQIURQWpH j OD VLPXODWLRQ R  GHV SDUDPqWUHV DMXVWpV HVW FRQVHUYp GDQV VD YHUVLRQ
QRPLQDOH FRXUEHV EOHXHV VXU OHV ILJXUHV /HV SHUIRUPDQFHV GHV VLPXODWLRQV SDU UDSSRUW DX[
REVHUYDWLRQVVRQWpYDOXpHVJUkFHDXFRHIILFLHQWG
HIILFLHQFHGH1DVK6XWFOLIIH16(HQDQJODLV1DVK
HW6XWWFOLIIH.UDXVVHHWDOܰܵܧ ൌ ͳ െ σ ሾሺா೔ିை೔ሻమሿ೙೔సభσ ሾሺை೔ିைതሻమሿ೙೔సభ    (T
R2HW( UHSUpVHQWHQWUHVSHFWLYHPHQW OHV VpULHVREVHUYpHHWHVWLPpHHW തܱ ODPR\HQQHGH OD VpULH
REVHUYpH/H16(FRUUHVSRQGDXUDSSRUWGHODYDULDQFHUpVLGXHOOHHWGHODYDULDQFHREVHUYpH,OHVW
SRVLWLIHWWHQGYHUVTXDQGOHVHVWLPDWLRQVGXPRGqOHVRQWSOXVSURFKHVGHVREVHUYDWLRQVTXHFHOOHV
G¶XQPRGqOHEDVpVXUODPR\HQQHGHVREVHUYDWLRQV,OWHQGYHUVTXDQGOHVSHUIRUPDQFHVGXPRGqOH
pJDOHQW FHOOHV G¶XQPRGqOH EDVp VXU ODPR\HQQH GHV REVHUYDWLRQV HW QpJDWLI TXDQG OHPRGqOH HVW
PRLQVSHUIRUPDQW/H16(HVWFDOFXOpDQQXHOOHPHQWVXUSpULRGHVLODVDLVRQK\GURORJLTXHLLOD
FUXH5RXJHHWLLLODSHWLWHGpFUXH/DFUXH5RXJHFRUUHVSRQGjODSpULRGHHQWUHO¶pWLDJHHWOHGHUQLHU
SLFGHODFUXH5RXJHHWODSHWLWHGpFUXHFRUUHVSRQGjODSpULRGHHQWUHFHSLFHWOHSHWLWpWLDJHYDOHXU
PLQLPDOHHQWUHOHVSLFVGHVFUXHV5RXJHHW*XLQpHQQH)LJXUH

)LJXUH ,OOXVWUDWLRQGHVGLIIpUHQWHVSpULRGHVGH OD VDLVRQK\GURORJLTXHj1LDPH\ LFLSRXU
O¶DQQpHHQURXJHODFUXH5RXJHHWHQEOHXODSHWLWHGpFUXH

 Sensibilité aux forçages 
 Sensibilité au forçage atmosphérique 
 /HVYDULDEOHVUHSUpVHQWDWLYHVGHO
pWDWGHO
DWPRVSKqUHHWQpFHVVDLUHVDXIRQFWLRQQHPHQWGX
PRGqOH,6%$VRQWOLVWpHVGDQVOH7DEOHDX+RUPLVOHVSUpFLSLWDWLRQVOHVDXWUHVFRPSRVDQWHVGX
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IRUoDJHDWPRVSKpULTXHUD\RQQHPHQWVRODLUHHWDWPRVSKpULTXHYLWHVVHGXYHQWWHPSpUDWXUHKXPLGLWp
HWSUHVVLRQGHO
DLUVRQW LVVXHVGHODEDVHGHGRQQpH:)'(,:$7&+)RUFLQJ'DWDPHWKRGRORJ\
DSSOLHGWR(5$,QWHULPGDWD:HHGRQHWDOHWUpDQDO\VpHVSDU0pWpR)UDQFHHQWUH
HWHWPLVHVjQRWUHGLVSRVLWLRQSDU%'HFKDUPH$ILQG
pYDOXHUODSRVVLELOLWpG
pWHQGUHODSpULRGH
G
pWXGH KRUV GH FHWWH IHQrWUH WHPSRUHOOH HQ XWLOLVDQW XQH PR\HQQH LQWHUDQQXHOOH GX IRUoDJH
DWPRVSKpULTXH OHV)LJXUH)LJXUHHW)LJXUHFRPSDUHQW OHVVLPXODWLRQVEDVpHVVXU OH
IRUoDJHRULJLQDORXVDPR\HQQHVXU ODSpULRGH/HVGHX[VLPXODWLRQV VRQW SURFKHVGHV
REVHUYDWLRQVVXUO¶HQVHPEOHGHODVDLVRQ16(GH)LJXUHHWSHQGDQWODFUXH5RXJH16(!
)LJXUHEPDLVSDVSHQGDQWODSHWLWHGpFUXH16(QpJDWLI)LJXUHD/HVG\QDPLTXHVHW
OHVYDOHXUVGHVGpELWVVLPXOpVSDUOHVGHX[H[SpULHQFHVVRQWDVVH]VLPLODLUHVPDLVGHVGLIIpUHQFHVVRQW
QRWDEOHVSHQGDQW OHVSLFVGH ODFUXH5RXJH )LJXUH/D)LJXUH FRPSDUHREVHUYDWLRQVHW
VLPXODWLRQV JUkFH j XQ GLDJUDPPHTXDQWLOHTXDQWLOH TXL SHUPHW GH FRPSDUHU OHV GLVWULEXWLRQV GHV
GpELWV MRXUQDOLHUV /D VLPXODWLRQ EDVpH VXU OD PR\HQQH LQWHUDQQXHOOH FDOFXOpH VXU 
DPpOLRUHODVLPXODWLRQGHVGpELWVOHVSOXVIRUWVTXLRQWWHQGDQFHjrWUHVXUHVWLPpHVDYHFODVLPXODWLRQ
EDVpHVXUOHIRUoDJHRULJLQDO/DVLPXODWLRQEDVpHVXUODPR\HQQHLQWHUDQQXHOOHSHXWrWUHFRQVLGpUpH
FRPPHpTXLYDOHQWHYRLUHSOXVSHUIRUPDQWHTXHFHOOHEDVpHVXUOHIRUoDJHDWPRVSKpULTXHRULJLQDOSRXU
ODSpULRGH/DPR\HQQHGX IRUoDJHDWPRVSKpULTXH DXWUHVTXH ODSOXLHHVW
LQWpJUpHjODFRQILJXUDWLRQGHUpIpUHQFH7DEOHDXHWXWLOLVpHSRXUWRXWHVOHVSpULRGHVVLPXOpHV
GDQV OD VXLWH GHV WUDYDX[$X YX GH OD IDLEOH VHQVLELOLWp GH OD UpSRQVH K\GURORJLTXH DX IRUoDJH
DWPRVSKpULTXHDXWUHVTXHODSOXLHOHIRUoDJHLQWHUDQQXHOFDOFXOpVXUODSpULRGHHVWSDU
ODVXLWHXWLOLVpSRXUPRGpOLVHUODSpULRGH

)LJXUH6pULHV WHPSRUHOOHVGXGpELWj1LDPH\HQWUHHWREVHUYpHFRXUEHQRLUH
SRLQWLOOpH HW VLPXOpHV DYHF OH IRUoDJH DWPRVSKpULTXH RULJLQDO FRXUEH EOHXH RX VD PR\HQQH
LQWHUDQQXHOOH FRXUEH URXJH /D OLJQH SRLQWLOOpH JULVH j P V UHSUpVHQWH OH VHXLO
G¶LQRQGDWLRQ
 CHAPITRE 4 | Tests de sensibilité du modèle ISBA-TRIP et configuration de référence 
 
105 
 




)LJXUH16(DQQXHOVHQWUHHWGHODVLPXODWLRQEDVpHVXUOHIRUoDJHDWPRVSKpULTXH
RULJLQDOHQIRQFWLRQGHV16(DQQXHOVGHODVLPXODWLRQEDVpHVXUVDPR\HQQHLQWHUDQQXHOOHSRXU
OHV GLIIpUHQWHV SpULRGHV GH OD VDLVRQ K\GURORJLTXH pWXGLpHV VDLVRQ HQWLqUH FUXH 5RXJH SHWLWH
GpFUXHDSRXUWRXWHVGHVGRQQpHVE]RRPVXUOHVYDOHXUVGHODFUXH5RXJHHWGHODVDLVRQ
HQWLqUHRFKDTXHSRLQWVFRUUHVSRQGjXQODEHOUHSUpVHQWDQWO¶DQQpH



)LJXUH*UDSKLTXHTXDQWLOHTXDQWLOHGHVGpELWV MRXUQDOLHUVHQWUHHWj1LDPH\
VLPXOpVDYHFOHIRUoDJHDWPRVSKpULTXHRULJLQDOSRLQWVEOHXVRXVDPR\HQQHLQWHUDQQXHOOHSRLQWV
URXJHVHQIRQFWLRQGHVREVHUYDWLRQVHWTXDQWLOHVHWSRLQWVJULV

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 Sensibilité au forçage du débit 
/D FRQILJXUDWLRQ GH ODPRGpOLVDWLRQ GX EDVVLQ GX ELHI$QVRQJR1LDPH\ pWDQW EDVpH VXU OH
IRUoDJHGXGpELWHQDPRQWGXGRPDLQHDYHFOHVREVHUYDWLRQVGHODVWDWLRQG¶$QVRQJRXQHHUUHXUGDQV
OHVREVHUYDWLRQVHQWUDvQHGHIDLWXQHHUUHXUGDQVOHVVLPXODWLRQV/DTXHVWLRQGHO¶LPSDFWGHVHUUHXUV
DVVRFLpHVDX[REVHUYDWLRQVHVWSULPRUGLDOHGDQVFHFDVHWG¶DXWDQWSOXVTXH O¶$%1DWWHVWHTXHOHV
GRQQpHVGHODVWDWLRQG¶$QVRQJRQHVRQWSDVSDUIDLWHPHQWILDEOHV(QHIIHWSHXGHMDXJHDJHVRQWpWp
HIIHFWXpVj$QVRQJRSRXUGHVUDLVRQVGHVpFXULWpHQSDUWLFXOLHUHWODFRXUEHGHWDUDJHQ¶HVWFRQVWUXLWH
TX¶jSDUWLUG¶XQ IDLEOHQRPEUHGHSRLQWVFHTXL ODUHQG LQDGpTXDWHSRXUOHVpWLDJHVH[WUrPHVGH OD
VpFKHUHVVHGHVDQQpHVHW&HWWHVWDWLRQFRPSRUWHpJDOHPHQWGHVODFXQHVLPSRUWDQWHVSHQGDQW
OHVpWLDJHVGHVDQQpHVHWHWGHSXLV jFDXVHGHVFRQIOLWVDUPpVDX0DOL'HPDQLqUH
JpQpUDOHOHVHUUHXUVGXIRUoDJHG¶$QVRQJRRQWSOXVG¶LPSDFWVXUODVLPXODWLRQGHODFUXH*XLQpHQQH
DXPRPHQWRFHOXLFLFRQVWLWXH O¶XQLTXHVRXUFHGXGpELWGH1LDPH\)LJXUH8QWHVWUpDOLVp
DYHF OD PR\HQQH LQWHUDQQXHOOH  G¶$QVRQJR PRQWUH TXH FHOOHFL SHXW GLIILFLOHPHQW
UHPSODFHU OH GpELW RULJLQDO REVHUYp SXLVTX¶HOOH SHXW GpJUDGHU OD VLPXODWLRQ GH PDQLqUH SOXV
LPSRUWDQWHTX¶XQGpELWFRPSRUWDQWG¶HUUHXU'DQVFHVFRQGLWLRQVOHVGRQQpHVPDQTXDQWHVVRQW
HVWLPpHVDXFDVSDUFDVSDULQWHUSRODWLRQHQXWLOLVDQWSDUFLPRQLHXVHPHQWODG\QDPLTXHLQWHUDQQXHOOH
REVHUYpHFIOHVK\GURJUDPPHVDQQXHOGHVGpELWVEUXWHWUHWRXFKpVHQDQQH[H,,


)LJXUH6pULHV WHPSRUHOOHVGXGpELWj1LDPH\HQWUHHWREVHUYpHFRXUEHQRLUH
SRLQWLOOpHHWVLPXOpHVDYHFOHGpELWG¶$QVRQJRRULJLQDOFRXUEHURXJHVDPR\HQQHLQWHUDQQXHOOH
FRXUEHEOHXHRXGLIIpUHQWV VFpQDULRG¶HUUHXUDYHF FRXUEHVJULVFODLURXFRXUEHV
JULVHIRQFp/DOLJQHSRLQWLOOpHJULVHjPVUHSUpVHQWHOHVHXLOG¶LQRQGDWLRQ

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 Sensibilité aux résolutions spatiales et temporelles des précipitations 
/¶LPSDFW GHV FDUDFWpULVWLTXHV GX IRUoDJH SOXYLRPpWULTXH VXU OD VLPXODWLRQ HVW DERUGp
SUpFLVpPHQWGDQVOHVFKDSLWUHVHW&HWWHVHFWLRQVHSHQFKHVXUODFDSDFLWpGXPRGqOHjWLUHUSDUWL
GHV UpVROXWLRQV VSDWLRWHPSRUHOOHV UHODWLYHPHQW ILQHV TX¶RIIUHQW OHV SURGXLWV SOXLH VDWHOOLWDLUHV(Q
UpJLRQVDKpOLHQQHRO¶HVVHQWLHOGHVSUpFLSLWDWLRQVHVWSURGXLWSDUGHVV\VWqPHVFRQYHFWLIVFKDSLWUH
 OD UHSUpVHQWDWLRQ GH OD KDXWH YDULDELOLWp VSDWLRWHPSRUHOOH GHV SUpFLSLWDWLRQV HVW FUXFLDOH&HWWH
VHQVLELOLWpGpSHQGFHSHQGDQWGXPRGqOHXWLOLVpGHVSURFHVVXVTX¶LOVLPXOHHWGHVUpVROXWLRQVVSDWLR
WHPSRUHOOHVGHVSURFHVVXVpWXGLpV
'DQVOHFDVG¶,6%$75,3OHVIRUoDJHVSOXYLRPpWULTXHVG¶XQHUpVROXWLRQGHHWKVRQWFUppV
jSDUWLUGHSURGXLWVGHUpVROXWLRQVGLIIpUHQWHV7DEOHDX/DTXHVWLRQGHO¶LPSDFWGHODPpWKRGH
FKRLVLHSRXUGLVWULEXHUOHVSUpFLSLWDWLRQVVSDWLRWHPSRUHOOHPHQWSRXUFRUUHVSRQGUHjODUpVROXWLRQGX
PRGqOHHVWDERUGpHLFL(QHIIHWGDQVXQHUpJLRQROHUXLVVHOOHPHQWGHW\SH+RUWRQLHQHVWGRPLQDQW
OHVIRUWHVLQWHQVLWpVSOXYLRPpWULTXHVVRQWQpFHVVDLUHVSRXUGpFOHQFKHUFHUXLVVHOOHPHQW FKDSLWUH
8QIRUoDJHSOXYLRPpWULTXHPR\HQQpVXUXQHMRXUQpHHWVXUXQHVXUIDFHUHODWLYHPHQWODUJHWHQGjOLVVHU
ODGLVWULEXWLRQG¶LQWHQVLWpVHWVRXVUHSUpVHQWHUOHVSOXLHVLQWHQVHV&HOLVVDJHSRXUUDLWSDUFRQVpTXHQFH
HQJHQGUHUXQHVRXVHVWLPDWLRQGXUXLVVHOOHPHQWFRPPHPRQWUpSDU9LVFKHOHW/HEHO
/HSURGXLW%YRULJLQDOHPHQW UpVROXjHWKHVWXWLOLVpSRXUUpDOLVHUGHVIRUoDJHVROD
SOXLHHVWGLVWULEXpHGLIIpUHPPHQWGDQVO¶HVSDFHHWGDQVOHWHPSV/HVGLIIpUHQWVIRUoDJHVTXLRQWSRXU
HIIHWGHSOXVRXPRLQVOLVVHUOHVSOXLHVVRQWSUpVHQWpVGDQVOH7DEOHDX%LHQTXHOHVG\QDPLTXHV
HWOHV16(GHVVLPXODWLRQVUpDOLVpHVDYHFOHVTXDWUHIRUoDJHVVRLHQWLGHQWLTXHVOHVGpELWVGLIIqUHQWHW
OHVYDOHXUVGHVSLFVGHODFUXH5RXJHGLPLQXHQWSURJUHVVLYHPHQWDYHFOHOLVVDJHGHVSOXLHV)LJXUH
/¶DQDO\VHGHVTXDQWLOHV)LJXUHPRQWUHTXHO¶LPSDFWGXOLVVDJHHVWG¶DXWDQWSOXVLPSRUWDQW
TXHOHGpELWHVWIRUW'¶DXWUHVWHVWVRQWPLVHQpYLGHQFHO¶DEVHQFHGHVHQVLELOLWpGHODPRGpOLVDWLRQj
O¶KRUDLUHFKRLVLSRXUOHSDVGHWHPSVGHKGDQVOHTXHOOHVSOXLHVMRXUQDOLqUHVRQWUHJURXSpHV
/DGLPLQXWLRQHWOHOLVVDJHGHODUpSRQVHK\GURORJLTXHIDFHDXOLVVDJHGHVFKDPSVGHSOXLHSURYLHQQHQW
GH OD QDWXUH GHV SUpFLSLWDWLRQV HW GHV SURFHVVXV K\GURORJLTXHV LPSOLTXpV VXU OD ]RQH G¶pWXGH/HV
SUpFLSLWDWLRQVVXUOD]RQHG¶pWXGHVRQWLVVXHVGH0&6LQWHQVHVHWGRQWODGXUpHGHSDVVDJHHQXQSRLQW
QHGpSDVVHTXHUDUHPHQWTXHOTXHVKHXUHVFKDSLWUH&HVpYqQHPHQWVLQWHQVHVDLQVLTXHODQDWXUH
GHVVROVLQGXLVHQWXQUXLVVHOOHPHQWLPSRUWDQWHWXQHG\QDPLTXHWRUUHQWLHOOHGHVpFRXOHPHQWVGHW\SH
KRUWRQLHQFKDSLWUH/HOLVVDJHGHVSUpFLSLWDWLRQVHQJHQGUHGRQFXQHUpSRQVHK\GURORJLTXHPRLQV
LQWHQVHHWSOXVOLVVH4XDQGOHVUpVROXWLRQVGXSURGXLWG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVHWGXIRUoDJH
GLIIqUHQWLOHVWGRQFHVVHQWLHOGHSHQVHUjO¶LPSDFWTXHSHXWDYRLUODPpWKRGHGHGpVDJUpJDWLRQFKRLVLH
SXLVTX¶HOOHLPSDFWHODVLPXODWLRQLQGpSHQGDPPHQWGHVSHUIRUPDQFHVLQWULQVqTXHGXSURGXLW
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
7DEOHDX&DUDFWpULVWLTXHVGHVGLIIpUHQWVIRUoDJHVSOXYLRPpWULTXHVLVVXVGXSURGXLW%Y
1RP 5pSDUWLWLRQVSDWLDOHGXIRUoDJH 5pSDUWLWLRQWHPSRUHOOHGXIRUoDJH
5pIpUHQFH
/HFXPXOG¶XQSL[HOGH
FRUUHVSRQGjODPR\HQQHG¶XQH
IHQrWUHGHSL[HOVGH
/DPrPHTXH%Y
/LVVDJHWHPSRUHO
/HFXPXOG¶XQSL[HOGH
FRUUHVSRQGjODPR\HQQHG¶XQH
IHQrWUHGHSL[HOVGH
/HFXPXOMRXUQDOLHUGHV
SUpFLSLWDWLRQVHVWUpSDUWL
XQLIRUPpPHQWVXUOHVSDVGHKGH
ODMRXUQpH
/LVVDJHVSDWLDO
/HFXPXOG¶XQSL[HOGH
FRUUHVSRQGjODPR\HQQHG¶XQH
IHQrWUHGHSL[HOVGH
/DPrPHTXH%Y
/LVVDJHVSDWLRWHPSRUHO
/HFXPXOG¶XQSL[HOGH
FRUUHVSRQGjODPR\HQQHG¶XQH
IHQrWUHGHSL[HOVGH
/HFXPXOMRXUQDOLHUGHV
SUpFLSLWDWLRQVHVWUpSDUWL
XQLIRUPpPHQWVXUOHVSDVGHKGH
ODMRXUQpH


)LJXUH6pULHVWHPSRUHOOHVGXGpELWj1LDPH\HQWUHHWREVHUYpHFRXUEHQRLUH
SRLQWLOOpHHWVLPXOpHVFRXUEHVFRXOHXUVDYHFGLIIpUHQWVIRUoDJHVSOXYLRPpWULTXHVWRXVLVVXVGX
PrPHSURGXLWG¶HVWLPDWLRQGHVSUpFLSLWDWLRQV%Y 7DEOHDX/D OLJQHSRLQWLOOpHJULVHj
PVUHSUpVHQWHOHVHXLOG¶LQRQGDWLRQ

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
)LJXUH*UDSKLTXHTXDQWLOHTXDQWLOHGHVGpELWV MRXUQDOLHUVHQWUHHWj1LDPH\
VLPXOpV DYHF GLIIpUHQWV IRUoDJHV SOXYLRPpWULTXHV WRXV LVVXV GX PrPH SURGXLW G¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQV%Y7DEOHDXHQIRQFWLRQGHVREVHUYDWLRQVHWTXDQWLOHVHW
SRLQWVJULV

 Sensibilité aux paramètres de TRIP 
 Sensibilité au coefficient de Manning 
 /HFRHIILFLHQWGH0DQQLQJ LQWHUYLHQWGDQV OHFDOFXOGH ODYLWHVVH G
pFRXOHPHQW(T
TXDQGLODXJPHQWHODYLWHVVHG
pFRXOHPHQWGLPLQXHHWLQYHUVHPHQW'DQVODOLWWpUDWXUHLOYDULHHQWUH
HWSRXUGHVVXUIDFHVOLVVHVHWUpJXOLqUHVjDFFLGHQWpHVHWFRXYHUWHVGHURFKHVHWGHYpJpWDWLRQ
0DLGPHQW&KRZ/DYDOHXUGHFRUUHVSRQGjGHVIOHXYHVPR\HQVj
JUDQGV 0DLGPHQW   HW HVW JpQpUDOHPHQW DGPLVH FRPPH YDOHXU PR\HQQH TXDQG OH
FRHIILFLHQW QH SHXW rWUH pYDOXp $URUD HW %RHU 'DQV 685)(; YHUVLRQ  OH FRHIILFLHQW GH
0DQQLQJVXUOD]RQHG¶pWXGHHVWFDOFXOpSDUOHPRGqOH(THWFRPSULVHQWUHHW
&HV YDOHXUV FRUUHVSRQGHQW j GHV VXUIDFH WUqV DFFLGHQWpHV HW GHQVHV HQ YpJpWDWLRQ SOXW{W
FDUDFWpULVWLTXHVGHV]RQHVG¶LQRQGDWLRQV0DLGPHQWHW&KRZFHTXL
QHVHPEOHGRQFSDVHQDFFRUGDYHFOHSD\VDJHGXEDVVLQHQWUH$QVRQJRHW1LDPH\FKDSLWUH$YHF
FHVYDOHXUVODVLPXODWLRQGHODFUXH5RXJHHVWVRXVHVWLPpHHWODSHWLWHGpFUXHQ¶HVWSDVVXIILVDPPHQW
PDUTXpH)LJXUH/¶pFRXOHPHQWHVWSOXW{W OHQWV¶pWDODQWGDQV OH WHPSVHWQ¶DWWHLJQDQWSDVOHV
SLFVREVHUYpV/¶XQLIRUPLVDWLRQGXFRHIILFLHQWGH0DQQLQJjODYDOHXUUpIpUHQFHGHDPpOLRUHOD
VLPXODWLRQDYHFXQHPHLOOHXUHG\QDPLTXH)LJXUHHWGHPHLOOHXUV16(HQSDUWLFXOLHUSHQGDQW
ODFUXH5RXJH)LJXUH/DGLPLQXWLRQGHVYDOHXUVGXFRHIILFLHQWGH0DQQLQJSHUPHWG¶DFFpOpUHU
O¶pFRXOHPHQWUHVWLWXDQWPLHX[OHVG\QDPLTXHVGHVEDVVLQVFRQWULEXWHXUVULYHGURLWHjUpJLPHWRUUHQWLHO
 CHAPITRE 4 | Tests de sensibilité du modèle ISBA-TRIP et configuration de référence 
 
110 
 
OH*RURXRO OH'DUJRO HW OD6LUED0DOJUp GHV YDOHXUV WRXMRXUV QpJDWLYHV GX16(SRXU OD SHWLWH
GpFUXH OHV UpVXOWDWVPRQWUHQWTXH O¶XQLIRUPLVDWLRQGXFRHIILFLHQWGH0DQQLQJjDPpOLRUH OD
VLPXODWLRQ(QWHUPHVGHGLVWULEXWLRQGHVGpELWVMRXUQDOLHUVFHWWHSDUDPpWULVDWLRQSHUPHWpJDOHPHQW
GHPLHX[ VLPXOHU OHV GpELWV IRUWV )LJXUH  &HW DMXVWHPHQW HVW FRQVHUYp HW LPSOpPHQWp j OD
FRQILJXUDWLRQGLWHGHUpIpUHQFH7DEOHDX

)LJXUH6pULHVWHPSRUHOOHVGXGpELWj1LDPH\HQWUHHWREVHUYpHFRXUEHQRLUH
SRLQWLOOpHHWVLPXOpHVDYHFOHFRHIILFLHQWGH0DQQLQJRULJLQDOFRXUEHEOHXHRXVRQXQLIRUPLVDWLRQ
jFRXUEHURXJH/DOLJQHSRLQWLOOpHJULVHjPVUHSUpVHQWHOHVHXLOG¶LQRQGDWLRQ

 
)LJXUH16(DQQXHOVHQWUHHWGHODVLPXODWLRQEDVpHVXUOHFRHIILFLHQWGH0DQQLQJ
RULJLQDOHQIRQFWLRQGHV16(DQQXHOVGHODVLPXODWLRQEDVpHVXUVRQXQLIRUPLVDWLRQjSRXU
OHV GLIIpUHQWHV SpULRGHV GH OD VDLVRQ K\GURORJLTXH pWXGLpHV VDLVRQ HQWLqUH FUXH 5RXJH SHWLWH
GpFUXHDSRXUWRXWHVGHVGRQQpHVE]RRPVXUOHVYDOHXUVGHODFUXH5RXJHHWGHODVDLVRQ
HQWLqUHRFKDTXHSRLQWFRUUHVSRQGjXQODEHOUHSUpVHQWDQWO¶DQQpH
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
)LJXUH*UDSKLTXHTXDQWLOHTXDQWLOHGHVGpELWVMRXUQDOLHUVHQWUHHWj1LDPH\
VLPXOpVDYHFOHFRHIILFLHQWGH0DQQLQJRULJLQDOSRLQWVEOHXVRXVRQXQLIRUPLVDWLRQjSRLQWV
URXJHVHQIRQFWLRQGHVREVHUYDWLRQVHWTXDQWLOHVHWSRLQWVJULV

 Sensibilité au temps de transfert des eaux souterraines 
 /H WUDQVIHUW GHV HDX[ VRXWHUUDLQHV DX UpVHUYRLU GH VXUIDFH HVW FRQWU{Op SDU OD YDULDEOH
WHPSRUHOOHĲMRXU(T$O
RULJLQHFHWWHYDULDEOHHVWIL[pHjMRXUVPDLVGDQVOH6DKHOHWHQ
SDUWLFXOLHUGDQVOD]RQHpWXGLpHOHVWRFNDJHGHO
HDXGDQVOHVROHVWWUqVOLPLWpFKDSLWUH/LPLWHUDX
PD[LPXPFHVWRFNDJHUHYLHQWjIL[HUĲjMRXU/D)LJXUHPRQWUHTXHOHVVLPXODWLRQVEDVpHV
VXUGHVĲGHHWMRXUVVRQWWUqVVLPLODLUHV&HSHQGDQWHOOHVPRQWUHQWDXVVLXQHDPpOLRUDWLRQQRWDEOH
GHODVLPXODWLRQGHODSHWLWHGpFUXHORUVTXHĲHVWIL[pjMRXULQGXLVDQWXQHDPpOLRUDWLRQGX16(VXU
O¶HQVHPEOHGHODVDLVRQK\GURORJLTXH)LJXUH(QUHYDQFKHHQWHUPHVGHGLVWULEXWLRQGHVGpELWV
MRXUQDOLHUV)LJXUHOHSDVVDJHjXQĲGHMRXUHQWUDvQHXQHVXUHVWLPDWLRQGHVGpELWVOHVSOXV
IRUWV/LPLWHUOHVWRFNDJHHWOHUHWRXUWDUGLIGHVHDX[VRXWHUUDLQHVjODULYLqUHSHUPHWDX[SUpFLSLWDWLRQV
GHFRQWULEXHUSOXVGLUHFWHPHQWGRQFSOXVUDSLGHPHQWHWLQWHQVpPHQWDX[DSSRUWVGHODFUXH5RXJH
HWOLPLWHXQHFRQWULEXWLRQWDUGLYHGHVHDX[VRXWHUUDLQHVSHQGDQWODSHWLWHGpFUXH/HVFRQVpTXHQFHV
VRQWOHVPrPHVTX¶DYHFXQHGLPLQXWLRQGXFRHIILFLHQWGH0DQQLQJGHVpFRXOHPHQWVSOXVFRQFHQWUpV
GDQVOHWHPSVDXJPHQWDQW OHVSLFVHWODSHWLWHGpFUXH/HVVXUHVWLPDWLRQVGHVGpELWVIRUWVSHXYHQW
SURYHQLUGH OD WHQGDQFHGH%YjSURGXLUHGHVpYqQHPHQWVSOXYLHX[ LQWHQVHV FKDSLWUH8Q
DXWUHSURGXLWSRXUUDLWQHSDVHQJHQGUHUGHVXUHVWLPDWLRQ'DQVODFRQILJXUDWLRQGHUpIpUHQFH7DEOHDX
ĲHVWIL[pjMRXUODSULRULWppWDQWPLVHVXUODG\QDPLTXHGHODFUXH5RXJHHWOHUpDOLVPHSDU
UDSSRUWDX[FRQGLWLRQV6DKpOLHQQHV

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


)LJXUH6pULHVWHPSRUHOOHVGXGpELWj1LDPH\HQWUHHWREVHUYpHFRXUEHQRLUH
SRLQWLOOpHHWVLPXOpHVDYHFOHĲRULJLQDOGHMRXUVFRXUEHEOHXHRXXQĲGHMRXUFRXUEHURXJH
/DOLJQHSRLQWLOOpHJULVHjPVUHSUpVHQWHOHVHXLOG¶LQRQGDWLRQ


  
)LJXUH16(DQQXHOVHQWUHHWGHODVLPXODWLRQEDVpHVXUOHĲRULJLQDOGHMRXUV
HQIRQFWLRQGHV16(DQQXHOVGHODVLPXODWLRQEDVpHVXUXQĲGHMRXUSRXUOHVGLIIpUHQWHVSpULRGHV
GHODVDLVRQK\GURORJLTXHpWXGLpHVVDLVRQHQWLqUHFUXH5RXJHSHWLWHGpFUXHDSRXUWRXWHVGHV
GRQQpHV E ]RRP VXU OHV YDOHXUV GH OD FUXH 5RXJH HW GH OD VDLVRQ HQWLqUH R FKDTXH SRLQW
FRUUHVSRQGjXQODEHOUHSUpVHQWDQWO¶DQQpH

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
)LJXUH*UDSKLTXHTXDQWLOHTXDQWLOHGHVGpELWVMRXUQDOLHUVHQWUHHWj1LDPH\
VLPXOpVDYHF OH ĲRULJLQDOGH MRXUV SRLQWVEOHXVRXDYHFXQ ĲGH MRXU SRLQWV URXJHV HQ
IRQFWLRQGHVREVHUYDWLRQVHWTXDQWLOHVHWSRLQWVJULV

 Sensibilité aux paramètres et processus d'ISBA  
 Sensibilité à l'évapotranspiration (ETP) 
 (QSDUDOOqOHGHFHVWUDYDX[GHWKqVH ODYHUVLRQGH685)(;DpWpGpYHORSSpHSDU0pWpR
)UDQFH 0DVVRQ HW DO  (Q VXSSOpPHQW GH PRGLILFDWLRQV GH OD VWUXFWXUH GX FRGH XQH
PRGLILFDWLRQDpWpDSSRUWpHVXUOHFDOFXOGHO
(73'DQVODYHUVLRQODVLPXODWLRQGHODWUDQVSLUDWLRQ
GXVROSUpVHQWDLWGHVDQRPDOLHVVXUOHV]RQHVWUqVVqFKHVODWUDQVSLUDWLRQpWDLWSRVLWLYHPrPHVXUGHV
VROVH[WUrPHPHQWYRLUHFRPSOqWHPHQWVHFV'DQVODYHUVLRQO
(73HVWOLPLWpHGDQVFHVFRQGLWLRQV
%RRQH HW DO  FRPPXQLFDWLRQ SHUVRQQHOOH /HV)LJXUH  )LJXUH   HW)LJXUH  
FRPSDUHQWOHVVLPXODWLRQVDYHFOHIRUPDOLVPHGHO
(73GHODYHUVLRQ(73RXGHODYHUVLRQGH
685)(;(733HQGDQWODPRXVVRQHWGRQFODFUXH5RXJHO¶(73HVWPD[LPDOHKXPLGLWpGXVRO
HW FRXYHUW YpJpWDO PD[LPDX[ 6D OLPLWDWLRQ JUkFH DX IRUPDOLVPH (73 LQGXLW XQ GpELW SOXV
LPSRUWDQW SHQGDQW FHWWH SpULRGH TX¶DYHF OH IRUPDOLVPH (73 0DOJUp XQH GRPLQDQFH GX
UXLVVHOOHPHQW G¶+RUWRQ HW OD IDLEOH LPSRUWDQFH GHV FRQGLWLRQV G¶KXPLGLWp GX VRO GDQV OD UpJLRQ
VDKpOLHQQHOHPRGqOHIDYRULVHOHUXLVVHOOHPHQWGH'XQQH'DQVFHVFRQGLWLRQVODGLPLQXWLRQ
GH O¶pYDSRWUDQVSLUDWLRQTXL ODLVVH OHV VROVPRLQV VHFVSHUPHWXQHVDWXUDWLRQHQHDXGHV VROVHWXQ
UXLVVHOOHPHQWSOXVUDSLGH'DQVFHVFRQGLWLRQVO¶(73LQGXLWGHVGpELWVSOXVLPSRUWDQWVSHQGDQWOD
FUXH5RXJH/HGpEXWGHODPRQWpHGHVHDX[HVWPLHX[VLPXOpLQGXLVDQWGHPHLOOHXUV16()LJXUH
 PDLV OHV SLFV RQW WHQGDQFH j rWUH VXUHVWLPpV )LJXUH   HW )LJXUH   /¶(73 HVW
LPSOpPHQWpH GDQV OD FRQILJXUDWLRQ GH UpIpUHQFH 7DEOHDX   SRXU VD FRKpUHQFH SK\VLTXH HW
O¶DPpOLRUDWLRQGHODG\QDPLTXHGHODFUXH5RXJH
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

)LJXUH6pULHVWHPSRUHOOHVGXGpELWj1LDPH\HQWUHHWREVHUYpHFRXUEHQRLUH
SRLQWLOOpHHWVLPXOpHVDYHFO¶(73RULJLQDOHFRXUEHEOHXHRXO¶(73FRXUEHURXJH/DOLJQH
SRLQWLOOpHJULVHjPVUHSUpVHQWHOHVHXLOG¶LQRQGDWLRQ



)LJXUH16(DQQXHOVHQWUHHWGHODVLPXODWLRQEDVpHVXU O¶(73RULJLQDOHHQ
IRQFWLRQGHV16(DQQXHOVGHODVLPXODWLRQEDVpHVXUO¶(73SRXUOHVGLIIpUHQWHVSpULRGHVGHOD
VDLVRQ K\GURORJLTXH pWXGLpHV VDLVRQ HQWLqUH FUXH 5RXJH SHWLWH GpFUXH D SRXU WRXWHV GHV
GRQQpHV E ]RRP VXU OHV YDOHXUV GH OD FUXH 5RXJH HW GH OD VDLVRQ HQWLqUH R FKDTXH SRLQW
FRUUHVSRQGjXQODEHOUHSUpVHQWDQWO¶DQQpH

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
)LJXUH*UDSKLTXHTXDQWLOHTXDQWLOHGHVGpELWVMRXUQDOLHUVHQWUHHWj1LDPH\
VLPXOpV DYHF O¶(73 RULJLQDOH SRLQWV EOHXV RX O¶(73 SRLQWV URXJHV HQ IRQFWLRQ GHV
REVHUYDWLRQVHWTXDQWLOHVHWSRLQWVJULV

 Sensibilité aux paramètres dirigeant le type de ruissellement 
 %LHQTXHOHVSDUDPqWUHVUHODWLIVDXUXLVVHOOHPHQWQ
DLHQWSDVpWpPRGLILpVSRXUODFRQILJXUDWLRQ
GHUpIpUHQFHODVHQVLELOLWpGXPRGqOHjFHVGHUQLHUVDLQVLTXHOHXULPSDFWVXUOHW\SHGHUXLVVHOOHPHQW
VRQWVXIILVDPPHQWLPSRUWDQWVSRXUrWUHVRXOHYpVHWGLVFXWpVLFL
/HUXLVVHOOHPHQWG
+RUWRQFRUUHVSRQGjXQGpSDVVHPHQWGHODFDSDFLWpPD[LPDOHG
LQILOWUDWLRQORUV
G
pSLVRGHVSOXYLHX[LQWHQVHVPrPHVXUXQVROQRQVDWXUp/DILQHVVHGHO
pFKHOOHVSDWLDOHjODTXHOOH
DSSDUDvWFHSURFHVVXVHVWSULVHHQFRPSWHSDUO
DSSURFKHK\GURORJLTXHVRXVPDLOOHGpYHORSSpHGDQV
,6%$HWDFWLYpHJUkFHjO¶RSWLRQ©6*+ª'HFKDUPHHW'RXYLOOHHWFKDSLWUH'
DXWUH
SDUWOHUXLVVHOOHPHQWGH'XQQHDOLHXORUVG
pSLVRGHVSOXYLHX[VXUVROVDWXUp
%LHQTXHOHUXLVVHOOHPHQWG
+RUWRQVRLWFDUDFWpULVWLTXHGHO
DLUHG
pWXGHFKDSLWUHOHVUpVXOWDWVGH
VLPXODWLRQV)LJXUHDPRQWUHQWTXHOHUXLVVHOOHPHQWG¶+RUWRQVHGpFOHQFKHWUqVUDUHPHQWHW
FRQWULEXH SHX DX UXLVVHOOHPHQW WRWDO 0DOJUp OH IDLW TXH OHV SURSRUWLRQV HW O¶DOWHUQDQFH GX
SDUWLWLRQQHPHQWHQWUH OH UXLVVHOOHPHQWG¶+RUWRQHW'XQQH VHPEOHQWHUURQpHV ODTXDQWLWp WRWDOHGX
UXLVVHOOHPHQW VLPXOpFRQGXLWjXQGpELWSURFKHGHVREVHUYDWLRQV6L OHGpELW VLPXOpHVWFRUUHFW OH
PRGqOH SUpVHQWH GHV OLPLWHV GDQV OD UHSUpVHQWDWLRQ GHV SURFHVVXV j O¶RULJLQH GH OD SURGXFWLRQ GH
UXLVVHOOHPHQW
/¶XQHGHVSLVWHVH[SORUpHTXDQWjODPDXYDLVHUHSUpVHQWDWLRQGHVSURFHVVXVFRQFHUQHODGLVWULEXWLRQ
VRXVPDLOOHGHVSUpFLSLWDWLRQV/DIUDFWLRQGHODFHOOXOHWRXFKpHSDUOHVSUpFLSLWDWLRQVTXLLQWHUYLHQW
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GDQV OH FDOFXO GX UXLVVHOOHPHQW G
+RUWRQ HVW HVWLPpH j SDUWLU GH O
(T   TXL IDLW LQWHUYHQLU OH
SDUDPqWUHȕ8QHGLPLQXWLRQGHȕHQJHQGUHXQHGLPLQXWLRQGHHWXQHDXJPHQWDWLRQGXUXLVVHOOHPHQW
G
+RUWRQ(QHIIHWSRXUXQHSOXLHPR\HQQHVXUODFHOOXOHGRQQpHXQHGLPLQXWLRQGHODIUDFWLRQGH
FHOOXOHWRXFKpHSDUODSOXLHWUDGXLWXQpYpQHPHQWORFDOLVpHWGHIRUWHLQWHQVLWpFDSDEOHGHGpSDVVHUOD
FDSDFLWpG
LQILOWUDWLRQPD[LPDOHGXVRO&HWWHSLVWHDpWpH[SORUpHSRXUWHQWHUG
DXJPHQWHUODSDUWGH
UXLVVHOOHPHQWG
+RUWRQHWGHVWHVWVGHVHQVLELOLWpRQWpWpUpDOLVpVSRXUpYDOXHUO
LPSDFWGHVYDULDWLRQV
GHȕVXUOHVUXLVVHOOHPHQWVGH'XQQHHWG¶+RUWRQ)LJXUHHWVXUOHGpELW)LJXUHHW)LJXUH
/HVUpVXOWDWVPRQWUHQWTXHODGLPLQXWLRQGHȕHQWUDvQHELHQXQHDXJPHQWDWLRQGXUXLVVHOOHPHQW
G
+RUWRQPDLVDXVVLGXUXLVVHOOHPHQWGH'XQQH&HUpVXOWDWHVWGDXIDLWTXHLQWHUYLHQWDXVVLGDQV
O
HVWLPDWLRQGHODTXDQWLWpG
HDXJRXWWDQWGHODFDQRSpHHWSDUWLWLRQQpHHQUXLVVHOOHPHQWRXLQILOWUDWLRQ
/
DXJPHQWDWLRQGXUXLVVHOOHPHQWWRWDOHQJHQGUHXQHDXJPHQWDWLRQGXGpELWVLPXOp)LJXUHHW
)LJXUH
/
(TSHUPHWWDQWG
HVWLPHUȕjSDUWLUGHODWDLOOHGHODFHOOXOHGHODJULOOHG[HVWGpWHUPLQpHSDU
3HWHU/LGDUG HW DO  VXLWH DX[ WUDYDX[ GH )DQ HW DO  EDVpV VXU GHV GRQQpHV UDGDU
1(;5$'VXUXQHSpULRGHGHDQVHQWUHHWGDQVOHVJUDQGHVSODLQHVDXVXGGHV(WDWV
8QLVGRPLQpHSDUGHVpYqQHPHQWVFRQYHFWLIVHQpWpHWVWUDWLIRUPHVDXSULQWHPSVHWjO¶DXWRPQH8QH
GHV FRQFOXVLRQV GH )DQ HW DO  LQGLTXDLW OD QpFHVVLWp G¶pODUJLU O¶pWXGH j G¶DXWUHV UpJLRQV
JpRJUDSKLTXHV /HV VLQJXODULWpV GH OD PRXVVRQ 2XHVW$IULFDLQH JUDQGV0&6 HW IRUWH YDULDELOLWp
VSDWLRWHPSRUHOOHGHVSUpFLSLWDWLRQVSRXUUDLHQWHQJHQGUHUXQHYDOHXUGHȕGLIIpUHQWHGHFHOOHFDOFXOpH
DFWXHOOHPHQWSDUOHPRGqOH
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
)LJXUH6pULHVWHPSRUHOOHVGXUXLVVHOOHPHQWG¶+RUWRQHWGH'XQQHGXEDVVLQGXELHI$QVRQJR
1LDPH\HQWUHHWHQIRQFWLRQGHVGLIIpUHQWHVYDOHXUVGHȕ
 

)LJXUH6pULHVWHPSRUHOOHVGXGpELWj1LDPH\HQWUHHWREVHUYpHFRXUEHQRLUH
SRLQWLOOpHHWVLPXOpHVFRXUEHVFRXOHXUVDYHFGLIIpUHQWHVYDOHXUVGHȕ/DOLJQHSRLQWLOOpHJULVHj
PVUHSUpVHQWHOHVHXLOG¶LQRQGDWLRQ

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
)LJXUH*UDSKLTXHTXDQWLOHTXDQWLOHGHVGpELWVMRXUQDOLHUVHQWUHHWj1LDPH\
VLPXOpVDYHFGLIIpUHQWHVYDOHXUVGHȕHQIRQFWLRQGHVREVHUYDWLRQVHWTXDQWLOHVHW
SRLQWVJULV

 Sensibilité à la couverture végétale 
/HMHXGHSDUDPqWUHVG¶,6%$FKDSLWUHGpFRXOHGHODFRXYHUWXUHYpJpWDOHIUDFWLRQHWW\SH
HWGHODJUDQXORPpWULHGXVROIUDFWLRQG¶DUJLOHHWGHVDEOH3DUH[HPSOHO¶HVWLPDWLRQGHODODPHG¶HDX
UXLVVHOpHGpSHQGGHSDUDPqWUHVWHOVTXHODIUDFWLRQVDWXUpHGHODFHOOXOHIVDW(THWODFDSDFLWp
PD[LPXPG¶LQILOWUDWLRQORFDOH,L(THVWLPpHVjSDUWLUGXW\SHGHVROHWGHFRXYHUWXUHYpJpWDOH
3RXU FRPSUHQGUH OD VHQVLELOLWp GH ODPRGpOLVDWLRQ GH OD FUXH5RXJH LO HVW SHUWLQHQW G¶pWXGLHU FHV
SDUDPqWUHVTXL LQIOXHQFHQW OHSDUWLWLRQQHPHQWHQWUH LQILOWUDWLRQHWUXLVVHOOHPHQW'DQV O¶RSWLTXHGX
VXLYLORQJWHUPHGHVFKDQJHPHQWVK\GURORJLTXHVHWGXU{OHGHVFKDQJHPHQWVG¶RFFXSDWLRQGXVROOD
VHQVLELOLWp GX UXLVVHOOHPHQW j GLIIpUHQWV FRXYHUWV DLQVL TXH OHV OLPLWHV GX PRGqOH GDQV OD
UHSUpVHQWDWLRQGHVSURFHVVXVTXLOHXUVRQWDVVRFLpVGRLYHQWrWUHpWXGLpV
/D)LJXUHSUpVHQWHODGLVWULEXWLRQVSDWLDOHGHODYpJpWDWLRQHWGHODJUDQXORPpWULHGXVROWHOOHV
TX¶HOOHV VRQW UHSUpVHQWpHV GDQV ,6%$ /D IUDFWLRQ GH YpJpWDWLRQ VXLW XQ JUDGLHQW ODWLWXGLQDO TXL
FRUUHVSRQGDXJUDGLHQWGHSUpFLSLWDWLRQ6XGSOXVKXPLGHHWYpJpWDOLVpTXHOH1RUG)LJXUHD
/HVSURSRUWLRQVHW OHVFDUDFWpULVWLTXHVGHVGLIIpUHQWHVFODVVHVGHFRXYHUWXUHVGXVROVRQWSUpVHQWpHV
GDQVOH7DEOHDX/¶HQVHPEOHGHVFODVVHVFRUUHVSRQGDQWjGHODYpJpWDWLRQFRPSRUWHXQHIUDFWLRQ
FDUDFWpULVWLTXHGHYpJpWDWLRQSDUFVDUEUHVKHUEDFpHVFXOWXUHVHWGHVROQX&HOOHFLHWOH/$,)LJXUH
GRQQHQWXQHLQIRUPDWLRQVXUOHFDUDFWqUHFRXYUDQWGHODYpJpWDWLRQ'HSOXVjFKDTXHW\SHGH
YpJpWDWLRQSDUFVDUEUHVKHUEDFpHVFXOWXUHVFRUUHVSRQGXQHSURIRQGHXUGHVROHWXQHSURIRQGHXU
UDFLQDLUH&HVFDUDFWpULVWLTXHVVRQWGpWHUPLQDQWHVSRXUOHELODQG¶HDX
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/D YpJpWDWLRQ GX EDVVLQ GX ELHI WHOOH TXH GpFULWH SDU (FRFOLPDS  FRUUHVSRQG
SULQFLSDOHPHQWjGHODVDYDQHVDKpOLHQQHHWGHODVDYDQHDUEXVWLYHVDKpOLHQQHTXL
VRQWUHODWLYHPHQWSHXFRXYUDQWHVSXLVTX¶HOOHVFRPSRUWHQWUHVSHFWLYHPHQWHWGHVROQXHWTXH
OHXU/$,HVWWRXMRXUVLQIpULHXUj)LJXUH
3OXVLHXUVWHVWVGHVHQVLELOLWpDXW\SHHWj ODSURSRUWLRQGH ODFRXYHUWXUHYpJpWDOHVRQWUpDOLVpV/HV
)LJXUH)LJXUHHW)LJXUHSUpVHQWHQWOHVUpVXOWDWVGHVLPXODWLRQGXGpELWSRXUFKDFXQ
GHV WHVWV HW OD)LJXUH  SUpVHQWH OHV LPSDFWVGHV FKDQJHPHQWV GH YpJpWDWLRQ VXU OHV GLIIpUHQWV
WHUPHVGXELODQG¶HDX/HVGpELWVPD[LPXPVVRQWDWWHLQWVORUVTXHODWRWDOLWpGHODFRXYHUWXUHGXEDVVLQ
FRUUHVSRQGjGXVROQX)LJXUHHW)LJXUH'DQVFHFDVOHUXLVVHOOHPHQWHVWPD[LPDOHWOH
VWRFNDJH G¶HDX GDQV OH VRO PLQLPDO )LJXUH   3XLV SOXV OD YpJpWDWLRQ HVW FRXYUDQWH IDLEOH
SURSRUWLRQGHVROQXHWIRUWV/$,SOXVOHGpELWGLPLQXH)LJXUHHW)LJXUH
/HVGpELWVVLPXOpVVRQWOHVPrPHVSRXUXQFRXYHUWQDWXUHOHWFRQVWLWXpG¶XQHVWUDWHDUEXVWLYHVDYDQH
DUERUpHVXEVDKDULHQQHTXHSRXUGHVFXOWXUHVVDKpOLHQQHRXDULGH&HVUpVXOWDWVSRLQWHQWOHVOLPLWHV
GXPRGqOHjSUHQGUHHQFRPSWHOHVGLIIpUHQFHVGHFRXYHUWVYpJpWDX[/HVFDUDFWpULVWLTXHVGHFHVGHX[
FRXYHUWVGHYUDLHQWDPHQHUjGHVUpSRQVHVK\GURORJLTXHVGLIIpUHQWHV6HJXLVHWDO/LHWDO
9HOOXHWHWDO0DLVLFLOHPRGqOHHVWSOXVVHQVLEOHDXFDUDFWqUHFRXYUDQWGHODYpJpWDWLRQTX¶j
VDQDWXUH
/HVUpVXOWDWVREWHQXVDYHFODFRXYHUWXUHYpJpWDOHQRPLQDOHGXPRGqOHPRQWUHQWTXHO¶DVVRFLDWLRQGH
VRO QXHWGH VDYDQHVDKpOLHQQHGDQV ODFRXYHUWXUHGXEDVVLQGXELHI$QVRQJR1LDPH\GpFULWHSDU
(FRFOLPDSHQJHQGUHXQUXLVVHOOHPHQWHWXQGpELWLPSRUWDQW
(QILQOHVROFRQWLHQWXQHSOXVIRUWHSURSRUWLRQG¶DUJLOHTXHGHVDEOHHWO¶LQYHUVLRQGHFHVSURSRUWLRQV
FRQGXLWjXQHGpWpULRUDWLRQGHODG\QDPLTXHGHODVLPXODWLRQ)LJXUH








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
7DEOHDX1RPVFRXYHUWXUHVSDWLDOHHWFDUDFWpULVWLTXHVGHVGLIIpUHQWHVFODVVHVG¶RFFXSDWLRQVGX
VROGXEDVVLQGXELHI$QVRQJR1LDPH\/DFRXYHUWXUHVSDWLDOHHVWH[SULPpHHQSRXUFHQWDJHGHO¶DLUH
GX EDVVLQ GX ELHI8QH FODVVH G¶RFFXSDWLRQ GX VRO SHXW rWUH FRPSRVpH G¶XQ RX SOXVLHXUV W\SH GH
YpJpWDWLRQ 79SDUFV 3 DUEUHV $ KHUEDFpHV + FXOWXUHV & & RX GH VRO QX 6 /HV
IUDFWLRQVSURSRUWLRQGHFKDTXH79DXVHLQG¶XQHFODVVH/$,SURIRQGHXUVUDFLQDLUHHWGHVROVRQW
H[SOLFLWpVSRXUFKDTXHW\SHGHYpJpWDWLRQTXHFRPSUHQGXQHFODVVH
1RP &RXYHUWXUHEDVVLQ
7\SH
YpJpWDWLRQ
79
)UDFWLRQ79 /$,PR\HQ79 3URIRQGHXUUDFLQHVP
3URIRQGHXU
VROP
(DX[,QWpULHXUHV  ± ± ± ± ±
6ROQX  ± ± ± ± ±
5RFKH  ± ± ± ± ±
9LOOH
&RQVWUXFWLRQ  3±$ ± ± ± ±
6DYDQHDUERUpH
VXEVDKDULHQQH  $±+±6 ±± ±± ±± ±±
6DYDQHDUERUpH
VDKpOLHQQH  $±+±6 ±± ±± ±± ±±
6DYDQHDUEXVWLYH
VDKpOLHQQH  $±+±6 ±± ±± ±± ±±
6DYDQH
VDKpOLHQQH  +±6 ± ± ± ±
3UDLULHDIULFDLQH
WURSLFDOH  +    
3UDLULHDIULFDLQH
VDKpOLHQQH  +    
&XOWXUHV
GpVHUWLTXHV  &±& ± ± ± ±
&XOWXUHV
VDKpOLHQQHV  &±& ±  ± ±


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
)LJXUH(YROXWLRQVDLVRQQLqUHGX/$,SRXUOHVGLIIpUHQWHVFODVVHVGHYpJpWDWLRQ/HVWUDLWV
SOHLQVFRUUHVSRQGHQWjODVWUDWHKHUEDFpHHWOHVWLUHWVjODVWUDWHDUERUpH

 
 
)LJXUH&DUWHVGHVFDUDFWpULVWLTXHVGHODVXUIDFHGDQV,6%$SURSRUWLRQVGHYpJpWDWLRQD
GHVROQXEGHVDEOHFHWG¶DUJLOHG
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)LJXUHD6pULHVWHPSRUHOOHVGXGpELWj1LDPH\HQWUHHWREVHUYpHFRXUEHQRLUH
SRLQWLOOpH HW VLPXOpHV DYHF GLIIpUHQWHV FRXYHUWXUH YpJpWDOHV FRXUEHV FRXOHXUV E =RRP VXU
O¶DQQpH/DOLJQHSRLQWLOOpHJULVHjPVUHSUpVHQWHOHVHXLOG¶LQRQGDWLRQ

 
)LJXUH*UDSKLTXHTXDQWLOHTXDQWLOHGHVGpELWVMRXUQDOLHUVHQWUHHWj1LDPH\
VLPXOpVDYHFGLIIpUHQWVFRXYHUWVHQIRQFWLRQGHVREVHUYDWLRQVHWTXDQWLOHVHW
SRLQWVJULV
a) 
b) 
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
)LJXUH   6pULHV WHPSRUHOOHV GX UXLVVHOOHPHQW GH 'XQQH D GH G¶+RUWRQ E
G¶pYDSRWUDQVSLUDWLRQ F GX FRQWHQX HQ HDX GX VRO G HW GH OD IUDFWLRQ VDWXUpH GX VRO H
MRXUQDOLHUVPR\HQVGXEDVVLQGXELHI$QVRQJR1LDPH\SRXUGLIIpUHQWHVFRXYHUWXUHYpJpWDOHV
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
)LJXUH6pULHVWHPSRUHOOHVGXGpELWj1LDPH\HQWUHHWREVHUYpHFRXUEHQRLUH
SRLQWLOOpHHWVLPXOpHVFRXUEHVFRXOHXUVDYHFGLIIpUHQWHVSURSRUWLRQG¶DUJLOHHWGHVDEOH

 
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/¶pWXGHGHVVHQVLELOLWpVGXPRGqOH,6%$75,3jGLIIpUHQWVSDUDPqWUHVSURFHVVXVHWIRUoDJHV
DSHUPLV ODPLVHHQSODFHG¶XQHFRQILJXUDWLRQGHUpIpUHQFHEDVpH VXUXQDMXVWHPHQWPDQXHOGHV
SDUDPqWUHV UpDOLVp HQ IRQFWLRQ GHV FDUDFWpULVWLTXHV GX EDVVLQ HW GHV GRQQpHV GLVSRQLEOHV /HV
DMXVWHPHQWVGHODFRQILJXUDWLRQGHUpIpUHQFHVRQWUpVXPpVGDQVOH7DEOHDXHWVRQWXWLOLVpVGDQV
ODVXLWHGHVWUDYDX[&HWDMXVWHPHQWSHUPHWO¶DPpOLRUDWLRQGXGpELWVLPXOpj1LDPH\HQSDUWLFXOLHU
HQFHTXLFRQFHUQH ODG\QDPLTXHGH ODFUXH5RXJH,OQHQpFHVVLWHSDVGHPRGLILFDWLRQ ORXUGHGX
PRGqOHRXGHVHVSDUDPqWUHVHWHVWXQLTXHSRXUO¶HQVHPEOHGHVVLPXODWLRQVUpDOLVpHVSDUODVXLWH
/¶pWXGHGHVHQVLELOLWpDX[IRUoDJHVDPLVHQpYLGHQFHODSRVVLELOLWpG¶XWLOLVHUXQHPR\HQQH
LQWHUDQQXHOOHSRXUOHVIRUoDJHVDWPRVSKpULTXHVDXWUHVTXHSUpFLSLWDWLRQV(QUHYDQFKHFHWWHpWXGH
D DXVVL GpPRQWUp OD VHQVLELOLWp GH ODPRGpOLVDWLRQ DX[ HUUHXUV OLpHV DX[ REVHUYDWLRQV GX GpELW j
$QVRQJR'DQVFHFDVXQHPR\HQQHLQWHUDQQXHOOHQHSHXWUHPSODFHUGHVODFXQHVGDQVOHVGRQQpHV
TX¶DXULVTXHG¶HUUHXUVVLJQLILFDWLYHVGDQVOHVVLPXODWLRQV/¶pWXGHGHVHQVLELOLWpDX[IRUoDJHVDDXVVL
PRQWUpTXHODVHQVLELOLWpGXPRGqOHjODGLVWULEXWLRQVSDWLRWHPSRUHOOHGHVSOXLHVHVW LPSRUWDQWH
PDLV PRLQV TXH OD VHQVLELOLWp j FHUWDLQV SDUDPqWUHV G¶,6%$ SRXU XQ SURGXLW G¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQVSUpVHQWDQWGHERQQHVSHUIRUPDQFHVWHOTXH%Y(QHIIHWODVHQVLELOLWpGXPRGqOH
jFHUWDLQVSDUDPqWUHVFRPPHFHOXLIL[DQWODGLVWULEXWLRQVRXVPDLOOHGHVSUpFLSLWDWLRQVȕLQIOXHQFH
IRUWHPHQWOHW\SHHWODTXDQWLWpGHUXLVVHOOHPHQW
3DU DLOOHXUV OH FRXYHUW YpJpWDO RULJLQDO G¶,6%$ HVW FRPSRVp SULQFLSDOHPHQW GH VDYDQH
VDKpOLHQQH HW GH VRO QX HQJHQGUDQW XQ UXLVVHOOHPHQW HW XQ GpELW LPSRUWDQW /D UHSUpVHQWDWLRQ GX
FRXYHUWGDQV,6%$VRXVHVWLPHODSURSRUWLRQGHFXOWXUH/HVWHVWVGHVHQVLELOLWpPRQWUHQWFHSHQGDQW
TXH FHWWH FODVVH HQJHQGUH OD PrPH UpSRQVH K\GURORJLTXH TX¶XQH YpJpWDWLRQ VSRQWDQpH VDYDQH
DUERUpH /D VHQVLELOLWp GH ODPRGpOLVDWLRQ DX FRXYHUW YpJpWDO VHPEOH rWUH GLULJpH SDU OH WDX[GH
UHFRXYUHPHQWGHODYpJpWDWLRQ3OXVODIUDFWLRQGHVROQXHVWEDVVHHW OH/$,KDXWSRXUXQHFODVVH
GRQQpHSOXVOHUXLVVHOOHPHQWHWOHGpELWGLPLQXHQW
0DOJUpGHVVHQVLELOLWpVIRUWHVjFHUWDLQVSDUDPqWUHVHWIRUoDJHVDXWUHVTXHOHVSUpFLSLWDWLRQV
HWODPDXYDLVHSULVHHQFRPSWHGHFHUWDLQVSURFHVVXVSRXUWDQWIRUPDOLVpVUXLVVHOOHPHQWGH+RUWRQ
HWGLYHUVLWpGHVFRXYHUWVYpJpWDX[OHPRGqOH,6%$75,3SHUPHWDYHFODFRQILJXUDWLRQGHUpIpUHQFH
GHPRGpOLVHUODFUXH5RXJHj1LDPH\/DFRPSUpKHQVLRQGHV VHQVLELOLWpVGXPRGqOHSRXUUDLWrWUH
DSSURIRQGLHPDLV Q¶HVW SDV OH F°XU GHV WUDYDX[ SUpVHQWpV LFL /H SURMHW G¶LQWHUFRPSDUDLVRQ GH
PRGqOHGHVXUIDFH$/0,3$00$/DQGVXUIDFH0RGHO,QWHUFRPSDULVRQ3URMHFWSRXUUDFHSHQGDQW
DSSRUWHUGHVUpSRQVHVVXSSOpPHQWDLUHVTXDQWjODUHSUpVHQWDWLRQGHVSURFHVVXVGHVGLYHUVUpVHUYRLUV
G¶,6%$

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
7DEOHDX7DEOHDXGHVpOpPHQWVGHODVLPXODWLRQGHUpIpUHQFHTXLGLIIqUHQWGHODYHUVLRQRULJLQDOH
GH685)(;YHUVLRQSRXUOHGRPDLQH$QVRQJR1LDPH\
)RUoDJHV  
 $WPRVSKpULTXHKRUVSOXLH ,QWHUDQQXHOFDOFXOpVXUODSpULRGH
75,3  
 &RHIILFLHQWGH0DQQLQJQ 8QLIRUPHj
 7HPSVGHUHWRXUGHVHDX[VRXWHUUDLQHVjODULYLqUHĲ MRXU
,6%$  
 (YDSRWUDQVSLUDWLRQ 9HUVLRQGH685)(;

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
Chapitre 5 L’hydrologie du Niger depuis 2000 : produits 
d’estimation et modélisation hydrologique



¶LPSOpPHQWDWLRQ HW O¶DMXVWHPHQW GX PRGqOH ,6%$75,3 FKDSLWUH  SHUPHWWDQW GH
PRGpOLVHU OD FUXH 5RXJH GH 1LDPH\ FH PRGqOH HVW XWLOLVp SRXU UpSRQGUH DX[
SUREOpPDWLTXHV SULQFLSDOHV SRVpHV HQ LQWURGXFWLRQ GH FH PDQXVFULW /H PRGqOH ,6%$75,3
LPSOpPHQWpVXUOHEDVVLQGXELHI$QVRQJR1LDPH\HVWXWLOLVpGDQVFHFKDSLWUHSRXUpYDOXHUOHSRWHQWLHO
K\GURORJLTXH GH GLIIpUHQWV SURGXLWV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV 'HX[ GHV WURLV TXHVWLRQV
FHQWUDOHVGHFHWWHWKqVHVRQWDERUGpHVL4XHOHVWOHSRWHQWLHOGHVSURGXLWVG¶HVWLPDWLRQVVDWHOOLWHV
SRXUOHVXLYLGHVLQRQGDWLRQVUpFHQWHVGX1LJHUj1LDPH\SHQGDQWODFUXH5RXJH"LL4XHOVVRQWOHV
LPSDFWVGHVFDUDFWpULVWLTXHVGHVGLIIpUHQWVSURGXLWVVXUODVLPXODWLRQ"
'HSXLVOHVDQQpHVOHVLQRQGDWLRQVHQJHQGUpHVSDUODFUXH5RXJHVRQWHQUHFUXGHVFHQFH
HWODSpULRGHHVWPDUTXpHSDUGHVLQRQGDWLRQVUHFRUGGRQWODGXUpHHWO¶LQWHQVLWpRQWFDXVp
GH QRPEUHXVHV SHUWHV KXPDLQHV HWPDWpULHOOHV FKDSLWUH  ,O H[LVWH XQ UpHO EHVRLQ HW XQH UpHOOH
GHPDQGHGHGpYHORSSHPHQWG¶XQV\VWqPHG¶DODUPHRSpUDWLRQQHOSRXUSUpYHQLUGHWHOOHVFDWDVWURSKHV
/HV SURGXLWV G¶HVWLPDWLRQV GHV SUpFLSLWDWLRQV EDVpV VXU GHV PHVXUHV VDWHOOLWHV UHSUpVHQWHQW XQH
DOWHUQDWLYHSURPHWWHXVHSRXUO¶K\GURORJLHGHVEDVVLQVVRXVLQVWUXPHQWpVHQVWDWLRQVK\GURORJLTXHVHW
PpWpRURORJLTXHVWHOTXHOHEDVVLQGX1LJHU,OHVWGRQFQpFHVVDLUHG¶pYDOXHUOHSRWHQWLHOHWOHVOLPLWHV
GH OHXU XWLOLVDWLRQ HQ K\GURORJLH &HWWH pWXGH FRQVWLWXH OD SUHPLqUH WHQWDWLYH GHPRGpOLVDWLRQ GHV
pYqQHPHQWV UpFHQWV HQWUH  HW  GH OD FUXH5RXJHGH1LDPH\ j SDUWLU G¶HVWLPDWLRQV GHV
SUpFLSLWDWLRQVSDUVDWHOOLWHV
/HF°XUGHFHFKDSLWUHHVWFRQVWLWXpGHO¶DUWLFOH3RWHQWLDORIVDWHOOLWHUDLQIDOOSURGXFWVWRSUHGLFW1LJHU
IORRGHYHQWVLQ1LDPH\SXEOLpGDQVO¶LVVXHVSpFLDOH,3:*GHODUHYXH$WPRVSKHULF5HVHDUFK&DVVH
HWDO8QHLQWURGXFWLRQUDSSHOOHOHVHQMHX[HWOHVSUREOpPDWLTXHVORFDOHVOLpVjODFUXH5RXJH
6L[SURGXLWVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVVRQWXWLOLVpVHQWDQWTXHIRUoDJHSRXUODPRGpOLVDWLRQGH
ODFUXH5RXJHXQSURGXLWLVVXG¶XQUpVHDXGHSOXYLRPqWUHV&3&WURLVSURGXLWVLVVXVG¶REVHUYDWLRQV
VDWHOOLWHV%57&0253+3(56,$11HWWURLVSURGXLWVVDWHOOLWHVSRVWDMXVWpVSDUGHVGRQQpHV
/
 CHAPITRE 5 | L’hydrologie du Niger depuis 2000 ; produits d’estimation et modélisation hydrologique 
 
128 
 
LQVLWX%YHW5)(8QHDQDO\VHFRPSDUDWLYHGHVSURGXLWVUDSSHOOHOHXUVFDUDFWpULVWLTXHVHQ
WHUPHV GH GLVWULEXWLRQ GHV SUpFLSLWDWLRQV /D FDSDFLWp GHV VLPXODWLRQV EDVpHV VXU OHV GLIIpUHQWV
SURGXLWVjGpWHFWHUOHVDQQpHVHW OHV MRXUVG¶LQRQGDWLRQDLQVLTXHO¶LPSDFWGHVFDUDFWpULVWLTXHVGH
FKDFXQGHVSURGXLWVVXUOHGpELWPRGpOLVpVRQWGLVFXWpV
 
 CHAPITRE 5 | L’hydrologie du Niger depuis 2000 ; produits d’estimation et modélisation hydrologique 
 
129 
 
$WPRVSKHULF5HVHDUFK–
3RWHQWLDORIVDWHOOLWHUDLQIDOOSURGXFWVWRSUHGLFW1LJHU 5LYHUÀRRGHYHQWV
LQ1LDPH\
&&DVVH DǤ0*RVVHWDǤ&3HXJHRWE93HGLQRWWLF$%RRQH F%$7DQLPRXQG%'HFKDUPHF
 
D*pRVFLHQFH(QYLURQQHPHQW 7RXORXVH*(7805&156,5'8QLYHUVLWp7RXORXVH,,,2EVHUYDWRLUH0LGL3\UpQpHV7RXORXVH)UDQFH
E+\GUR6FLHQFHV0RQWSHOOLHU+60805&156,5'8QLYHUVLWp0RQWSHOOLHU,,,)UDQFH
F &HQWUH1DWLRQDOGH 5HFKHUFKH0pWpRURORJLTXH&150805&1560pWpR)UDQFH7RXORXVH)UDQFH
G$XWRULWpGX %DVVLQGX 1LJHU$%11LDPH\1LJHU
D U W L F O H LQ I R D E V W U D F W
$UWLFOH KLVWRU\
5HFHLYHG 0D\
5HFHLYHGLQ UHYLVHGIRUP -DQXDU\
$FFHSWHG -DQXDU\
$YDLODEOHRQOLQH -DQXDU\
$GUDPDWLFLQFUHDVHLQWKHIUHTXHQF\DQG LQWHQVLW\RIÀRRGHYHQWVLQWKHFLW\RI1LDPH\1LJHU KDV EHHQREVHUYHG
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,QDGGLWLRQWRODQGXVHFKDQJHVUHFHQWREVHUYDWLRQVKDYH UDLVHGWKH
LVVXHRI D SRVVLEOHLQFUHDVHLQ H[WUHPH UDLQIDOOLQ WKH6DKHO3DQWKRX
HW DO7KLV FRXOGEH WKHSUHPLVHVRIDQ LQWHQVL¿FDWLRQ RI
WKHK\GURORJLFDOF\FOH GXH WRJOREDO ZDUPLQJ *LRUJLHW DODV DO
UHDG\REVHUYHGLQ RWKHUUHJLRQV$OSHUW7KH ULVN RIÀRRGHYHQWV
LVH[SHFWHGWR LQFUHDVHLIWKHODQG XVH FKDQJHVFRQWLQXHZKHWKHURU QRW
WKHLQFUHDVHG IUHTXHQF\RI UDLQIDOOH[WUHPHV LV FRQ¿UPHG7R UHGXFH
WKHVHULVNV WKHÀRRGJHQHVLVQHHGVWR EH EHWWHUXQGHUVWRRGDQGDGH
TXDWHPRQLWRULQJV\VWHPVQHHGWREH GHYHORSHG
&XUUHQWO\WKHPRQLWRULQJ RI WKHÀRRGULVN LQ 1LDPH\LVEDVHGHVVHQ
WLDOO\ RQ WKHVXUYHLOODQFHRI WKHULYHUKHLJKWXSVWUHDPRI1LDPH\7KLV LV
VXLWDEOHIRU PRQLWRULQJWKH VHFRQGÀRRGZKLFKRFFXUVEHWZHHQ-DQXDU\
DQG0DUFKD IHZ PRQWKVDIWHUWKHHQGRI WKHUDLQ\VHDVRQLQ 1LDPH\
7KH¿UVWÀRRGZKLFKRFFXUV LQ WKHKHDUWRIWKHUDLQ\ VHDVRQLV DPRUH
UDSLGSKHQRPHQRQ DQG LV D FRQVHTXHQFH RI UXQRII LQ WKH YLFLQLW\ RI
1LDPH\7RSUHGLFWWKLV ¿UVWÀRRGWKHFRQWULEXWLQJUDLQIDOOPXVWEH SUH
FLVHO\ TXDQWL¿HG *LYHQ WKH UHODWLYHO\ SRRU VWDWH RI WKH RSHUDWLRQDO
JDXJH QHWZRUNLQWKHDUHD VDWHOOLWHEDVHGUDLQIDOOLVDYHU\ DWWUDFWLYHDOWHU
QDWLYH+RVVDLQHWDO)XUWKHUEHQH¿WV RIVDWHOOLWHUDLQIDOO HVWLPDWHV
OLH LQ WKHLUVSDWLDODQG WHPSRUDO UHVROXWLRQV KRXUO\RU EHWWHUDQG
LQ WKH QHDU UHDOWLPH DYDLODELOLW\RI VRPHSURGXFWV+RZHYHUDV DOUHDG\
GLVFXVVHG DWOHQJWKIRU UDGDU EDVHGHVWLPDWHV %HUQHDQG.UDMHZVNL
 IRUD UHYLHZ WKH SRWHQWLDOEHQH¿W RI KLJK UHVROXWLRQ PD\ EH
RXWEDODQFHGE\ WKHXQFHUWDLQWLHVDQGRUELDVHV LQ WKHUHPRWHO\VHQVHG
UDLQIDOO7KHVH XQFHUWDLQWLHVDQG WKH ZD\ WKH\PLJKWSURSDJDWHLQ K\GUR
ORJLFDO PRGHOV+RVVDLQHW DO+RQJ HWDO0RUDGNKDQLHW DO
1LNRORSRXORVHW DOQHHGWREH DFFRXQWHGIRU EHIRUHDQ\ VDW
HOOLWHUDLQIDOOSURGXFW LVFRQVLGHUHGIRU RSHUDWLRQDOSUHGLFWLRQ
6HYHUDOUHFHQWZRUNVKDYHHYDOXDWHGVDWHOOLWHUDLQIDOOSURGXFWVRYHU
$IULFD EDVHGRQJDXJHV $OLHWDO  +XJKHV  5RFD HWDO
 -REDUGHW DO 3LHUUHHW DO +DELE HW DO
7KLHPLJHWDO*RVVHWHW DODQGGLVFXVVHGWKHLUSRWHQWLDO
XWLOLW\IRU WKHK\GURORJLFDOSUHGLFWLRQRIVHYHUDO$IULFDQ ULYHUV1LOHWULE
XWDULHV— $UWDQHW DO*LOJHO $ED\— %LWHZDQG*HEUHPLFKDHO
 6HQHJDOULYHU— 6WLVHQ DQG 6DQGKROW 9ROWDDQG %DUR
$NRER— 7KLHPLJHWDO)LQGLQJVDUH FRQVLVWHQWDPRQJWKHVHSD
SHUVRQ WKHSHUIRUPDQFHRI VRPHRIWKHPRVWFRPPRQO\XVHGSURGXFW
LQ WKH6DKHOLDQUHJLRQ7KH SURGXFWVWKDWGR QRWLQJHVWDQ\ JDXJHLQIRU
PDWLRQ– 3UHFLSLWDWLRQHVWLPDWLRQ IURP5HPRWHO\6HQVHG ,QIRUPDWLRQ
XVLQJ$UWL¿FLDO1HXUDO1HWZRUN 3(56,$11&OLPDWH3UHGLFWLRQ&HQWUH
&3& 0RUSKLQJPHWKRG &0253+ DQG7URSLFDO5DLQ 0HDVXUHPHQW
0LVVLRQ 75000XOWLSODWIRUP $OJRULWKP703$%57– H[KLELW
SRVLWLYHELDVHVZKLFKPD\ FDXVHRYHUHVWLPDWLRQRI WKHUXQRIIDQGGLV
FKDUJHZKHQ XVHG LQ K\GURORJLFDOPRGHOOLQJ 7KLHPLJHW DO 
*RVVHW HWDO  7KLHPLJ HWDO  KDYH FRPSDUHG GLIIHUHQW
PHWKRGV IRUFRUUHFWLQJWKH ELDVHV LQWKH UDLQIDOO IRUFLQJ HLWKHU E\
FRUUHFWLQJWKHSURGXFWV WKHPVHOYHVRU E\ DGMXVWLQJWKHPRGHOWRWKH
SURGXFWV WKURXJK UHFDOLEUDWLRQIRUHDFK W\SH RI UDLQ IRUFLQJ7KH
JDXJHDGMXVWHGSURGXFWV– 703$%Y DQGWKH&3&UHJLRQDOSURGXFW
$IULFDQ 5DLQIDOO (VWLPDWH5)(– KDYHJHQHUDOO\ORZ ELDVHVDWOHDVWDW
WKHPRQWKO\VFDOHEXWDUH QRWIUHH RIHUURUVDQG PD\ GLVWRUWWKHVSDWLDO
RU IUHTXHQF\GLVWULEXWLRQRIWKHUDLQ UDWHV*RVVHWHW DOZLWKFRQ
VHTXHQFHVIRU K\GURORJ\
,Q WKLV SDSHUZH DQDO\VHWKHSRWHQWLDORI VL[ VWDWHRI WKHDUWUDLQIDOO
SURGXFWV FRPELQHGZLWK QXPHULFDOPRGHOOLQJWR DQDO\VHDQG DVVHVV
WKHSUHGLFWDELOLW\RI WKH1LJHU ULYHU¿UVWÀRRGD JDXJH RQO\SURGXFW
&3&WZRJDXJH DGMXVWHG VDWHOOLWHSURGXFWV %YDQG5)(DQG
WKUHH VDWHOOLWHRQO\ SURGXFWV%57 &0253+DQG3(56,$11 7KH
VWXG\IRFXVHVRQ WKH DELOLW\RIWKHPRGHOIRUFHG E\VDWHOOLWHUDLQIDOOWRUH
SURGXFH WKH UHODWLYHO\KLJK GLVFKDUJH OHYHOV HQFRXQWHUHG LQ UHFHQW
\HDUVDQGVLPXODWHWKHRFFXUUHQFHDQGOHQJWKRIÀRRGV
6HFWLRQSUHVHQWV WKHK\GURORJLFDOFRQWH[WDQG WKHEHKDYLRXURIWKH
¿UVWÀRRGREVHUYHGLQ1LDPH\RYHU WKH ODVW\HDUV 6HFWLRQGHVFULEHV
WKHVL[UDLQIDOOSURGXFWVDQG FRPSDUHVVRPHRIWKHLUSURSHUWLHVRYHU WKH
VWXGLHG UHJLRQ$ELDVDGMXVWPHQWRIWKHWKUHHSURGXFWVWKDWGR QRWLQ
JHVWDQ\JDXJH LQIRUPDWLRQLV SURSRVHG6HFWLRQ SUHVHQWV WKH
QXPHULFDOPRGHOOLQJVHWXSEDVHGRQ WKH685)(; SODWIRUP685)DFH
(;WHUQDOLVpH LQ )UHQFK— ,6%$ ,QWHUDFWLRQEHWZHHQ6RLO %LRVSKHUH
DQG $WPRVSKHUHODQGVXUIDFHPRGHOFRXSOHGZLWKWKH75,37ULS 5XQ
RII,QWHJUDWLQJ3DWKZD\VURXWLQJVFKHPH6HFWLRQGLVFXVVHVWKHVLPX
ODWLRQUHVXOWV7KH GLVFKDUJHVVLPXODWHGZLWK HDFKUDLQIDOOSURGXFWDUH
FRPSDUHGZLWKWKHREVHUYDWLRQVRYHU WKHSHULRG–7KH DELOLW\
RI WKHVDWHOOLWHIRUFHG VLPXODWLRQVWR UHSURGXFHWKHRFFXUUHQFHRI WKH
PDMRUÀRRGVRIWKHSHULRGLVTXDQWL¿HG7KHFRQFOXVLRQVDQG SHUVSHFWLYH
RIWKLV ZRUNDUH JLYHQLQ 6HFWLRQ
+\GURORJLFDOFRQWH[W
7KH1LJHU 5LYHU )LJÀRZVWKURXJKDODUJH SDUWRI:HVW$IULFD,WV
VRXUFH LV ORFDWHG LQWKH KXPLGPRXQWDLQRXV)RXWD 'MDOORQ DUHD RI
*XLQHD,WLQLWLDOO\ÀRZVQRUWKZDUGVWRZDUGVWKH0DOLDQ6DKHO EHIRUH
WXUQLQJ VRXWKHDVWZDUGV WRZDUGV 1LDPH\DQG¿QLVKLQJ LWVNP
ORQJ MRXUQH\LQ 1LJHULD$QGHUVHQHW DO)HUU\ HW DO $Q
RULJLQDOIHDWXUHRI WKH1LJHU LVLWV‘LQQHUGHOWD’  WKHOLJKWRUDQJHDUHDLQ
)LJ ZKLFKLV FKDUDFWHUL]HGE\ D ODUJHODWHUDOH[SDQVLRQRIWKHULYHU
DQGODUJHHYDSRUDWLRQ ORVVHV $QGHUVHQHWDO  $URXQGRI
WKH LQÀRZLVORVW LQ WKH 'HOWD 0DKpHW DO
'XH WRZHDNO\FRQQHFWHG GUDLQDJHQHWZRUNV DQGDULGLW\VRFDOOHG
HQGRUKHLVPPRVWRIWKHQRUWKHUQSDUWRI WKHEDVLQGRHVQRW FRQWULEXWH
WRWKH ULYHU ÀRZ 7KHULYHU ÀRZ LQ1LDPH\RULJLQDWHVIURP DUHDVXSVWUHDP
WKHGHOWDDQG IURP DFWLYHWULEXWDULHVGRZQVWUHDPRIWKH 1LJHU–0DOLERU
GHU$VD FRQVHTXHQFH WKH1LJHU5LYHU LQ 1LDPH\H[KLELWV WZRSHDNV
)LJ7KH¿UVWSHDNRFFXUVEHWZHHQ $XJXVWDQG6HSWHPEHU ,WLV GXH
WR WKHKHDY\PRQVRRQ UDLQIDOORFFXUULQJLQ $XJXVWRYHU WKH EDVLQVRI
WKUHHULJKWEDQNWULEXWDULHV FLUFOHGLQ )LJWKH *RURXRO5LYHU EDVLQ
DUHDNP WKH'DUJRO NPDQGWKH6LUED NP
7KHVH HSKHPHUDOULYHUVWHUPHG “NRULV”DQG D VHULHVRI VPDOOHUNRULV RQ
ERWKEDQNVNP GH¿QH D FRQWULEXWLQJ DUHD RI  NP
'HVFURL[HW DO7KH ¿UVWÀRRGLV DOVR QDPHG‘UHG ÀRRG’  EHFDXVH
RIWKH FRORXURILWV VHGLPHQWDU\ORDG 7KHVHFRQGSHDN UHVXOWVIURP UXQRII
GXULQJ WKH UDLQ\ VHDVRQ -XQH–6HSWHPEHU LQ WKH XSSHU EDVLQ 7KH
UHVXOWLQJÀRRGZDYHLV VPRRWKHGDQGGHOD\HGE\ URXWLQJWKURXJKWKH
1LJHU ,QQHU'HOWDDQG RFFXUVLQ1LDPH\DURXQG -DQXDU\)LJ %HFDXVH
RILWRULJLQWKH VHFRQGÀRRGLVDOVR QDPHGWKH *XLQHDQÀRRG
,Q WKHSDVWWKHWZRÀRRGVXVHGWR EH PHUJHGLQWRD VLQJOHSHDN
$PDQLDQG1JXHWRUD 'HVFURL[ HWDO  EXW VLQFH WKH
V  WKH ¿UVW JUDGXDOO\ EHFDPH GLVWLQFW IURP  WKH  VHFRQG
'HVFURL[HW DO GHVFULEHGWKLVFKDQJHZLWKWKHSRHWLFLPDJH
‘WKHGURPHGDU\ EHFDPHDFDPHO’7KH ¿UVWÀRRGKDVLQWHQVL¿HG LQ
WKH ODVW GHFDGH EHFDXVH RI WKH LQFUHDVH LQ UXQRII LQ WKH6DKHOLDQ
]RQH$OEHUJHO $PDQL DQG 1JXHWRUD  0DKpHW DO
0DKpDQG3DWXUHO$PRJXHWDO 'HVFURL[
HWDO
$VVHHQLQ)LJWKHWZRGLVFKDUJHSHDNVDUH ODJJHGLQ WLPHDQG WKH
GHOD\EHWZHHQWKHWZRSHDNVPDNHVLWSRVVLEOHWR VWXG\LQGHSHQGHQWO\
WKHORFDO UDSLG 6DKHOLDQFRQWULEXWLRQV DQGWKHVORZHUVLJQDOGXHWR WKH
*XLQHDQÀRRG
7KHWKUHVKROG RI  PVí HTXLYDOHQWWRDULYHU KHLJKWRI
 FPLV LQGLFDWHGLQ )LJ$FFRUGLQJWR WKH1LJHU %DVLQ $XWKRULW\
1%$RU $%1LQ )UHQFKWKLVLVWKHFULWLFDOKHLJKWWKDW WULJJHUVÀRRGLQJ
6LQFH  WKHGLVFKDUJHLQ1LDPH\H[FHHGHGWKLVWKUHVKROG GXULQJ¿YH
\HDUV DQG 7DEOH 7KH PRVW UHFHQW
ÀRRGV DQGZHUHH[FHSWLRQDOLQ WKHLULQWHQVLW\PD[L
PXPGLVFKDUJHUDWHVEHWZHHQ DQG  PVíDQGRUWKHLUGX
UDWLRQ7KHVH DUH WKUHH FRQVHFXWLYHUHFRUGVIRU WKH¿UVWÀRRGVLQFHWKH
EHJLQQLQJRIGLVFKDUJHREVHUYDWLRQLQ1LDPH\LQV1RWH WKDWWKH
ÀRRGSDWWHUQGLIIHUVIURPWKHRWKHUÀRRGVWKH¿UVWÀRRGLVEULHI
DQG LQWHQVHDQG WKHGLVFKDUJHPLQLPXPEHWZHHQWKH¿UVWDQG WKH VHF
RQG ÀRRGLVWKH ORZHVWRIWKHVWXGLHGSHULRG
,QRUGHUWRGLVWLQJXLVKZKLFKSDUWRIWKH¿UVWÀRRGFDQ EH DWWULEXWHG
WRWKHWKUHHULJKWEDQN DQG RWKHUORFDO WULEXWDULHVDQG ZKLFKSDUWFRPHV
IURP WKHPDLQFRXUVHRIWKHULYHUGXH WRUDLQIDOOFRQWULEXWLRQLQ0DOL
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)LJ7KH1LJHU5LYHU%DVLQ7KHFLUFOHGHOLQHDWHVWKHULJKWEDQNEDVLQVWKDWFRQWULEXWHWRWKH¿UVWRU‘UHG’ ÀRRGVHHWH[W2QO\WKHWKUHH WULEXWDULHV UHOHYDQW IRUWKHVWXG\DUHGUDZQ
WKHGLVFKDUJHGLIIHUHQFHEHWZHHQ 1LDPH\DQG$QVRQJR LV DQDO\VHG
)LJ SUHVHQWVWKHDFFXPXODWHGGLVFKDUJHLQ $QVRQJRDQGLQ 1LDPH\
IRU WKHGD\ SHULRGSUHFHGLQJWKHVWÀRRGSHDN LQ1LDPH\ 7KHGLIIHU
HQFH EHWZHHQ$QVRQJRDQG 1LDPH\FRPHVIURP WKHFRQWULEXWLRQRIWKH
ULJKWEDQN WULEXWDULHV$WLPHODJ LV DSSOLHGWR WKH$QVRQJRGLVFKDUJH
GD\ WR DFFRXQW IRU WUDQVIHU WLPH EHWZHHQ $QVRQJRDQG1LDPH\
7KHODJYDOXH KDV EHHQFRPSXWHGEDVHGRQ RSWLPLVLQJWKHODJJHGFRUUH
ODWLRQEHWZHHQWKHWLPHVHULHVRI$QVRQJRDQG1LDPH\
$PRQJWKH \HDUVZKHQ WKHÀRRGLQJ WKUHVKROG LV H[FHHGHG
LHDQGDQGVWDQGRXWDV
WKH\HDUVZKHQWKH$QVRQJRFRQWULEXWLRQLVODUJHUWKDQWKHORFDO WULEX
WDULHVFRQWULEXWLRQ,Q ERWKFRQWULEXWLRQVZHUHHTXLYDOHQW,Q
WKHFRQWULEXWLRQIURP WKHORFDO WULEXWDULHVLVKLJK UHYHDOLQJKLJK UDLQIDOO
DFFXPXODWLRQQHDUE\1LDPH\7KH GLVFKDUJHLQIRUPDWLRQDW $QVRQJRLV
QRWDYDLODEOHIRU SUREOHPLQ WKHGDWD UHFRUG)LJ VKRZVRQO\
WKH1LDPH\GLVFKDUJHIRU WKLV\HDU
,Q WKHUHVWRI WKHSDSHUZH IRFXV RQ WKH K\GURORJLFDOLPSDFWRI WKH
UDLQIDOOFRQWULEXWLQJ WR WKHORFDO WULEXWDULHVRI WKH1LJHU ULYHUFLUFOHG
LQ )LJWKLV]RQH ZLOO EH UHIHUUHGWRDV “WKHUHJLRQRI1LDPH\” RU “UH
JLRQ RILQWHUHVW” KHUHDIWHU
5DLQIDOOSURGXFWV
7HVWHGUDLQIDOO SURGXFWV
$PRQJ WKHYDULHW\RIDYDLODEOHUDLQIDOOSURGXFWVVHHDQ RYHUYLHZRQ
WKH,3:*ZHEVLWHZZZLVDFFQULWaLSZJ¿YH VDWHOOLWHHVWLPDWHVZHUH
FRQVLGHUHG7DEOH7KLVFKRLFH LVPDGHRZLQJWRWKHDYDLODELOLW\RIWKH
SURGXFWVRYHU WKH–SHULRGZKHQ PDMRUÀRRGVRFFXUUHG
   7KLV VWXG\ DOVRIRFXVHV RQSURGXFWV WKDW
FRXOG EH HDVLO\ XWLOLVHGLQDQ RSHUDWLRQDOVHWWLQJEHFDXVHWKH\DUH DYDLO
DEOH RQOLQH7KUHHRIWKHPRVWXVHGQHDUUHDO WLPH JOREDOHVWLPDWHVDUH
WHVWHG
• &0253+-R\FHHWDO
• 3(56,$116RURRVKLDQHWDO
• %57+XIIPDQHWDO
7KHVH WKUHH UDLQIDOOSURGXFWVDUH QRWJDXJHDGMXVWHGDQGDUH WKHUH
IRUH DYDLODEOHZLWK D UHODWLYHO\VKRUW GHOD\ UDQJLQJIURPD IHZ KRXUV
%57 WR WZR GD\V&0253+)RU VLPSOL¿FDWLRQ WKHVHSURGXFWV
DUH UHIHUUHG WR DV ‘57’ IRUQHDU5HDO 7LPH LQ WKHUHVW RI WKHSDSHU
7KHVH 57SURGXFWVKDYHEHHQHYDOXDWHGUHFHQWO\WKURXJKDFRPSDULVRQ
ZLWKWKH$00$&$7&+ REVHUYDWRU\ /HEHOHW DOGHQVHJDXJHV
QHWZRUNLQ1LDPH\ 7KHFRPSDULVRQZDV GRQHDW WKH GDLO\ DQG GHJUHH
VFDOH LQ*RVVHWHWDODQG DWDQHYHQ ¿QHUUHVROXWLRQLQ*XLOORWHDX
HW DO%RWKVWXGLHVFRQFOXGHGWKDW WKHVH57SURGXFWVH[KLELWPH
GLXPWR KLJKSRVLWLYHELDVHVFRPSDUHGWR WKHJURXQG UHIHUHQFH7KH\
DOVR VKRZHGWKDW WKHSURGXFWVWKDW FRPELQHLQIUDUHGDQG PLFURZDYHLQ
IRUPDWLRQ H[KLELW YHU\ JRRGFRUUHODWLRQZLWK JURXQG REVHUYDWLRQVLQ
WHUPVRI WKHLUGDLO\ WLPHVHULHV*RVVHWHW DO 5RFD HW DO
DQG  VXEGHJUHH VFDOH  VSDWLDO VWUXFWXUH *XLOORWHDX HW  DO 
&0253+H[KLELWVWKHEHVW VFRUHV LQ WHUPVRI FRUUHODWLRQDQG%57
SHUIRUPVEHVWLQ WHUPVRIELDV
,QDGGLWLRQWR WKHWKUHHVDWHOOLWHRQO\SURGXFWVHVWLPDWRUVWKDWDOVR
LQJHVWUDLQ JDXJHGDWDDUH WHVWHG
7DEOH 
2EVHUYHGSHULRGRIÀRRGQXPEHURIFRQVHFXWLYHGD\EHWZHHQDQG
)LJ1LJHUULYHUGLVFKDUJHLQ1LDPH\IRUWKHLQGLFDWHG \HDUVWKHEODFNOLQHLV WKHDYHUDJH
GLVFKDUJHIRUWKHSHULRG–VWXGLHGLQWKLVZRUN7KH KRUL]RQWDOGDVKOLQHLV WKH
ÀRRGWKUHVKROG
    
í1XPEHURIGD\DERYHP V     
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)LJ GD\FXPXODWHGGLVFKDUJHEHIRUHWKHREVHUYHGGLVFKDUJHSHDNLQ 1LDPH\QRW IXOO\DYDLODEOHIRU IRU$QVRQJREOXHQRWDYDLODEOHLQ DQG1LDPH\JUH\7KH UDWLR
$QVRQJRRYHU1LDPH\LV LQGLFDWHGRQ HDFKEDU
2EVHUYHG GLIIHUHQFHV EHWZHHQWKH SURGXFWV• %Y +XIIPDQHWDO$FFRUGLQJWR*RVVHWHWDODQG
*XLOORWHDXHW DO WKHSHUIRUPDQFHRI WKLVSURGXFWFRPSDUHG
WRJDXJHVDQGWRRWKHUSURGXFWVRYHU 1LDPH\LVKLJKZKHQQXPHU
RXV VWDWLVWLFDOFULWHULDDUH FRQVLGHUHGRYHUDOOELDVFRUUHODWLRQRI WKH
WLPH VHULHVDQGVSDWLDOSDWWHUQV IUHTXHQF\GLVWULEXWLRQRI WKH UDLQ
UDWHV7KLV LV WKHRQO\ SURGXFWLQ RXUWHVW VHW DYDLODEOHZLWK D ORQJ
GHOD\DPRQWK
• 5)(+HUPDQHW DOZZZFSFQFHSQRDDJRYSURGXFWVIHZV
GDWDKWPOUIH7KH HYDOXDWLRQRI5)(RYHU WKH6DKHO VKRZHGWKDW
WKHSHUIRUPDQFHLV JRRG DW WKH GD\ VFDOH -REDUGHW DODQG
WKHELDV LV YHU\ ORZ *RVVHWHW DO+RZHYHUZKHQ HYDOXDWHG
DW WKHGDLO\ WLPHVWHS WKLVSURGXFWWHQGVWRRYHUHVWLPDWHWKHQXPEHU
RIUDLQ\ GD\V *RVVHWHW DO+HUPDQFHDQG 6XOLHPDQDQG
GLVWRUWVWKHIUHTXHQF\GLVWULEXWLRQRIUDLQ UDWHV*RVVHWHW DO
$VPHQWLRQHGDERYH WKH VDWHOOLWH UDLQIDOOSURGXFWV KDYH DOUHDG\
EHHQHYDOXDWHGLQ 6DKHOLDQ$IULFDE\ YDULRXVDXWKRUVZKRFRQFHQWUDWHG
RQ GLIIHUHQWVSDWLRWHPSRUDO VFDOHVPRQWKO\DQG GD\V LQ-REDUGHWDO
DQG3LHUUH HW DO GDLO\DQG GHJUHHV LQ *RVVHW HW DO
DQG5RFD HW DO DQGHYHQ¿QHUUHVROXWLRQLQ *XLOORWHDX
HWDO,QWKLVVHFWLRQZH FRQFHQWUDWHRQ WKHREVHUYHGGLIIHUHQFHV
EHWZHHQ WKH SURGXFWV RYHU WKH FDWFKPHQWEHWZHHQ$QVRQJRDQG
1LDPH\NP$QDO\]LQJWKH SK\VLFDO DQG DOJRULWKPLFUHDVRQV
EHKLQGWKHVHGLIIHUHQFHVLVQRWLQWKHVFRSH RIWKLVSDSHU WKHREMHFWLYHLV
WR TXDQWLI\WKHGLIIHUHQFHVDQGDVVHVVKRZ WKH\PD\RUQRWLPSDFW
ÀRRGSUHGLFWLRQ
5DLQIDOO DFFXPXODWLRQ,QWHUDQQXDOYDULDELOLW\ LQWHQVLW\
GLVWULEXWLRQV
7DEOH FRPSDUHVWKHPHDQUDLQIDOO--$6RYHU WKH –SHUL
RG IRU WKHSURGXFWV$VH[SHFWHGWKHVHDVRQDO--$6UDLQIDOODFFXPX
ODWLRQRIWKHWZRSRVWDGMXVWHG VDWHOOLWHSURGXFWV%YDQG 5)(DUH
YHU\ FORVH WRWKHJDXJHSURGXFW&3&ZKLFKSURGXFHV PPRI UDLQ
RQDYHUDJH$V IRXQG LQSUHYLRXV VWXGLHVWKH 57SURGXFWV SURYLGH
PRUH UDLQWKDQ WKHSURGXFWV WKDWLQJHVW WKHJDXJH LQIRUPDWLRQ
%57DQG&0253+UDLQIDOODFFXPXODWLRQ DUHRI WKH VDPH RUGHU RI
PDJQLWXGH UHVSHFWLYHO\PP DQG PPDQG DUHDERXW 
KLJKHU WKDQ WKH DPRXQW IURP JDXJHV RUJDXJHDGMXVWHG SURGXFWV
3(56,$11 H[KLELWVWKH KLJKHVWDPRXQW PP SURGXFLQJDERXW
WZLFHDV PXFKUDLQDV WKHJDXJHDGMXVWHGSURGXFWV7KHVHQXPEHUV
)LQDOO\ DJDXJHRQO\SURGXFWDYDLODEOHZLWKDYHU\ VKRUWGHOD\OHVV
WKDQGD\VZDV DOVR XVHG 7KH &3&SURGXFW ;LHDQG $UNLQ XVHV
RSHUDWLRQDO GDLO\JDXJH LQIRUPDWLRQWUDQVPLWWHG WKURXJK WKH*OREDO
7HOHFRPPXQLFDWLRQ6\VWHP*76,QDGGLWLRQWRWKHGDLO\ PHDQUDLQIDOO
HVWLPDWH RYHU D JULG&3&DOVRSURYLGHV WKH QXPEHU RI JDXJHV
XWLOLVHG SHUSL[HO,Q WKH UHJLRQRI LQWHUHVW WKH GHQVLW\RI JDXJHV LV
ORZ )RU HDFKSL[HORI WKH&3&SURGXFWWKHPD[LPXPQXPEHURI UDLQ
JDXJHVLV7KH GDLO\ PHDQQXPEHURI JDXJHVRYHUWKH  NP
VWXG\DUHDEHWZHHQDQGLV 7KHUHIRUHZH FDQ
H[SHFWXQFHUWDLQWLHVLQ WKH&3&SURGXFWGXH WRDVXEVWDQWLDOVSDWLDOUHS
UHVHQWDWLYHQHVVHUURUDQGVPRRWKLQJ
7DEOH
0DLQFKDUDFWHULVWLFV RI WKHVL[ WHVWHGUDLQIDOOSURGXFWV
,QJHVWHGGDWD 5HJLRQFRYHUHG 7HPSRUDOUHVROXWLRQ 6SDWLDOUHVROXWLRQ 3HULRGWHVWHG 'DWDDFFHVVZHEVLWH
&3&
5)(
7500 %Y
7500 %57
&0253+
3(56,$11
5DLQJDXJHV
6DWHOOLWH*DXJHV
6DWHOOLWH*DXJHV
6DWHOOLWH
6DWHOOLWH
6DWHOOLWH
*OREDO
5HJLRQDO$IULFD
*OREDO
*OREDO
*OREDO
*OREDO
'DLO\
'DLO\
 K
 K
 K
 K






WR
WR
WR
WR
WR
WR
KWWSZZZFSFQRDDJRYSURGXFWVIHZVGDWDKWPO
KWWSZZZFSFQRDDJRYSURGXFWVIHZVGDWDKWPO
KWWSWUPPJVIFQDVDJRY
KWWSWUPPJVIFQDVDJRY
KWWSZZZFSFQRDDJRYSURGXFWVIHZVGDWDKWPO
KWWSFKUVZHEXFLHGXSHUVLDQQ
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7DEOH
,QWHUDQQXDOPHDQRIWKH--$6UDLQIDOOVWDQGDUGGHYLDWLRQIRU WKHSHULRG–7KH
WKUHHODVWOLQHVUHIHUWRWKHELDVDGMXVWHG57SURGXFWGHVFULEHGLQ6HFWLRQ
RILQWHUHVWIRU&3&DQG 5)(DQG OHVV WKDQIRU%Y 2QWKHRSSR
VLWH WKHPHDQFRQGLWLRQDOUDLQIDOO )LJF LV KLJKHUIRU %YMXVW
DERYH  PPGD\RQDYHUDJHWKDQ IRU 5)(DQG&3&ERWKEHORZ
 PPGD\7KHVH GLIIHUHQFHVDUH H[SHFWHGWRLPSDFWWKHK\GURORJLFDO
UHVSRQVH7KH ORZ QXPEHURIJDXJHVWKDW LVDFWXDOO\DYDLODEOHRYHU WKH
UHJLRQLQ &3&H[SODLQVZK\ WKLVSURGXFWWHQGVWRVPRRWKWKHUDLQIDOOLQ
IRUPDWLRQ7KH GLIIHUHQFHVEHWZHHQ %Y DQG5)(FRPHVIURPWKH
QDWXUHRIWKHDOJRULWKPVDQG WKHIDFWWKDW% XQOLNH5)(XVHV PLFUR
ZDYH LQIRUPDWLRQLQ DGGLWLRQWR WKHLQIUDUHGGDWDDV GHWDLOHGLQ WKHLU
UHIHUHQFHSDSHUV
7KH 57SURGXFWVSURYLGHPRUH UDLQIDOOWKDQ WKH JDXJHDGMXVWHG
SURGXFWVVWHDGLO\RYHU WKH\HDUV)XUWKHUDQDO\VLVKDV VKRZQWKDWWKH
ELDV LVWKH VWHDGLHVWIRU %57IROORZHGE\ 3(56,$11ZKLOH&0253+
V
ELDV LV WKHPRVWYDULDEOHIURP\HDUWR\HDU $OO 57SURGXFWVH[KLELWD
UHODWLYHO\KLJKPHDQ FRQGLWLRQDOGDLO\UDLQIDOO )LJ F%57DQG
&0253+DUH ERWK DERXW  PPGD\ RQ DYHUDJHDQG 3(56,$11
 PPGD\,Q WHUPVRI VSDWLDOH[WHQVLRQDQGQXPEHURI UDLQ\ GD\V
WKHUHLV QR FRPPRQWUHQGDPRQJWKH57SURGXFWV3(56,$11JHQHU
DWHVPRUHUDLQ\GD\VDQGPRUHH[WHQGHGHYHQWVWKDQWKHRWKHU57
%57KDV WKHORZHVWQXPEHURIUDLQ\GD\V DQG VPDOOHUVSDWLDOH[WHQ
VLRQ DPRQJWKH57SURGXFWV
,W LVQRWHZRUWK\LQ )LJ WKDWWKHGLIIHUHQFHLQ WKHQXPEHURIUDLQ\
GD\V DQG VSDWLDOH[WHQVLRQLVKLJKHUDPRQJWKH JDXJHDGMXVWHGSURG
XFWV WKDQIRU WKH 57SURGXFWVWKHODUJHVWGLIIHUHQFHEHLQJEHWZHHQ
5)(DQG %Y
$Q LPSRUWDQW FRQVLGHUDWLRQIRU K\GURORJLFDODSSOLFDWLRQVLV WKHGLV
WULEXWLRQRI WKHUDLQIDOOE\ LQWHQVLW\FODVVHV9LVFKHO DQG/HEHO 
DQG *RVVHWHW DO  ERWK IRFXVLQJLQ :HVW$IULFD PHQWLRQHG D
VWURQJ VHQVLWLYLW\RI WKH VLPXODWHGUXQRII WRWKHSURSRUWLRQRI KHDY\
UDLQIDOO,Q WKH6DKHOUXQRIISURGXFWLRQLVLQGHHGPDLQO\FRQGLWLRQHG
$UHDOPHDQVHDVRQDOUDLQIDOO>PP@
&3&
5)(
7500%Y
7500%57
&0253+
3(56,$11
7500%57ELDVDGMXVWHG
&0253+ELDVDGMXVWHG
3(56,$11ELDVDGMXVWHG









DUH FRQVLVWHQWZLWKWKHSRVLWLYHELDV UHSRUWHGE\ VHYHUDODXWKRUVWKDW
FRPSDUHGWKH57SURGXFWVZLWKD JURXQG UHIHUHQFH 5RFDHW DO
-REDUG HWDO  3LHUUH HWDO 7KLHPLJ HWDO *RVVHW
HWDO*XLOORWHDXHWDODFFHSWHGIRU SXEOLFDWLRQ
)LJKLJKOLJKWVWKHGLIIHUHQFHVDPRQJSURGXFWVLQ WHUPVRIVHDVRQDO
--$6DFFXPXODWLRQ DQXPEHURI UDLQ\ GD\VEPHDQFRQGLWLRQDO
GDLO\ UDLQIDOO F DQGVSDWLDO H[WHQVLRQ RIWKHGDLO\ UDLQSDWWHUQV
GRYHU WKHSHULRG–7KH PHDQFRQGLWLRQDOGDLO\ UDLQIDOO LV
FDOFXODWHGIRU SL[HOVZLWKDW OHDVWPPGD\7KH VSDWLDOH[WHQVLRQLV
WKHSHUFHQWDJHRISL[HOVZLWKDWOHDVW PPRQ GD\V ZKHQWKHPHDQ
DUHDOUDLQIDOORYHU WKHGRPDLQLVDERYHPP
8QOLNH WKHVHDVRQWRWDO)LJD WKHWHPSRUDODQGVSDWLDOGLVWULEX
WLRQV RI UDLQIDOO YDU\VXEVWDQWLDOO\DPRQJWKH  SURGXFWVWKDW LQJHVW
JDXJHLQIRUPDWLRQ&3&DQG 5)(WHQGWRVSUHDGWKHUDLQIDOORYHU PRUH
UDLQ\GD\V)LJEDQGIRU HDFKGD\ RYHUD ODUJHUSDUWRI WKHEDVLQ
)LJGWKDQ%Y 5DLQIDOO HYHQWVFRYHU DERXW–RIWKHUHJLRQ
)LJ,QWHUDQQXDO–UDLQIDOOVHULHVREVHUYHGE\ WKH WHVWHGSURGXFWVDPHDQDUHDOVHDVRQDOUDLQIDOOEPHDQQXPEHURIUDLQ\GD\VFPHDQFRQGLWLRQDOGDLO\UDLQIDOOGPHDQ
RI UDLQH[WHQVLRQRYHUWKHVWXGLHGDUHDVHHWH[W
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+\GURORJLFDOVLPXODWLRQVVHWXS
7KH685)(;,6%$75,30RGHO
7DEOH 
D E F
7500%57
&0253+
3(56,$11
í
í




 
 
 
)LJD)UHTXHQF\GLVWULEXWLRQRI GDLO\UDLQIDOOIRUHDFKSURGXFWE&RQWULEXWLRQRI UDLQ
UDWHFODVVHVWRWKHVHDVRQWRWDO
E\ WKHFRQWUDVWEHWZHHQ UDLQIDOOLQWHQVLWLHVDQGVRLO K\GUDXOLFFRQGXF
WLYLW\DV+RUWRQLDQSURFHVVHVDUH GRPLQDQW3HXJHRWHWDO
)LJSUHVHQWVWKHIUHTXHQF\GLVWULEXWLRQRIWKHGDLO\ UDLQIDOOD DQG
WKHFRQWULEXWLRQRIUDLQ UDWH FODVVHV WRWKHVHDVRQWRWDOEFRPSXWHGIRU
WKHUHJLRQRILQWHUHVWIRU --$6DQG WKHSHULRG–)LJE VKRZV
WKDWWKHGLIIHUHQFHVLQ WKHWRWDOUDLQIDOODPRQJ WKHSURGXFWVLQ PRVWO\
H[SODLQHGE\WKHUDLQIDOOFODVVHV DERYH PPGD\$VPHQWLRQHGLQSUH
YLRXV VWXGLHVWKHWKUHH57HVWLPDWRUVSURGXFHDKLJKSURSRUWLRQRI LQ
WHQVHDERYH PPGD\UDLQIDOO,Q FRQWUDVWWKHJDXJHRQO\SURGXFW
&3& SURGXFHVPXFKUDLQEHORZ PPGD\7KLV LV PRVWSUREDEO\GXH
WR VPRRWKLQJHIIHFWVDQGWKHORZ GHQVLW\RIWKH*76JDXJHQHWZRUNLQ
WKHUHJLRQ$VLPLODUWHQGHQF\WR SURGXFHD UHODWLYHO\KLJKSURSRUWLRQ
RIORZ UDLQUDWHVLVIRXQGIRU 5)(7KH SURGXFWVWKDWXVH WKHPLFUR
ZDYHLQIRUPDWLRQ%3(56,$11DQG &0253+VKRZDJRRG DJUHH
PHQWZLWKD UHODWLYHO\ORZDPRXQWRI UDLQGXHWRWKHFODVVHV WR
PPGD\
7KHVH UHVXOWVDUH FRQVLVWHQWZLWKWKRVHUHSRUWHGE\PDQ\DXWKRUV
5RFDHW DO-REDUGHWDO3LHUUHHWDO7KLHPLJHWDO
*RVVHW HW DO*XLOORWHDXHW DO DFFHSWHGIRU SXEOLFDWLRQ
WKHSURGXFWVGLIIHUQRWRQO\ E\ WKHLU DQQXDOUDLQIDOOWRWDOVEXWDOVR E\
WKHZD\UDLQIDOOLVGLVWULEXWHGLQ WLPHLQ VSDFHDQGE\ UDLQLQWHQVLW\
FODVVHV7KHVH GLIIHUHQFHVLPSDFW WKHVLPXODWHG K\GURORJLFDOUHVSRQVH
ZKHQWKHVHSURGXFWVDUHXVHG DV IRUFLQJ6WLVHQDQG6DQGKROW
*RVVHWHWDO7KLHPLJHWDO*RVVHWHWDOHYDOXDWHG
WKH 57SURGXFWVE\ FRPSDULVRQZLWK WKHGHQVHQHWZRUNRI JDXJHV
IURP$00$&$7&+1LJHU /HEHOHW DOQHDU1LDPH\7KH\ FRQ
FOXGHGWKDW WKHVH SURGXFWV ZHUH SRVLWLYHO\ELDVHGDQG VKRZHG WKDW
WKH\ UHVXOWHG LQ H[FHVVUXQRII ZKHQXVHG DV IRUFLQJ WRK\GURORJLFDO
PRGHOV$Q DGMXVWPHQWRI WKHVH SURGXFWV LV WKHUHIRUH SURSRVHG LQ
WKH QH[WVHFWLRQ
&RUUHFWLRQ RIWKH 57SURGXFWV
7KH PRVWFRPPRQSUDFWLFHIRU ELDVDGMXVWLQJ VDWHOOLWHUDLQIDOOSURG
XFWV LVWR LQMHFWJDXJHLQIRUPDWLRQDV GRQHIRU %Y DQG5)(,I57
JDXJHLQIRUPDWLRQLVQRWDYDLODEOHRU LILWLVXQUHOLDEOHRU WKHQHWZRUN
GHQVLW\LVWRRVSDUVHIRU WKHLQIRUPDWLRQWREH YDOXDEOHWKHFRUUHFWLRQ
FDQ EH GRQHRQ DFOLPDWRORJLFDOEDVLV 3UREDELOLW\PDWFKLQJEHWZHHQD
VHULHVRIVDWHOOLWHHVWLPDWHVDQGDUHIHUHQFHUDLQIDOOWLPHVHULHVLVDQ DF
FHSWHGVROXWLRQ7KLHPLJHWDO
,QWKHSUHVHQWFDVH WKH REMHFWLYHLV WRELDVDGMXVWWKHUDLQIDOOSURG
XFWVDWWKH KUHVROXWLRQ$WWKLVUHVROXWLRQDQG JLYHQ WKHORZ GHQ
VLW\RI WKH JDXJH QHWZRUN LQ $IULFD WKH JURXQG UHIHUHQFH EDVHG RQ
JDXJHVRQO\ LV LPSDFWHGE\ VPRRWKLQJHIIHFWV*LYHQ WKHJRRGSHUIRU
PDQFHSUHYLRXVO\UHSRUWHG IRU %Y*RVVHWHWDO DQGRXU
RZQDQDO\VLVEDVHGRQ WKH$00$&$7&+1LJHU WLPHVHULHV LWZDV GH
FLGHG WR PDWFK WKH IUHTXHQF\GLVWULEXWLRQVRI WKH 57SURGXFWVWR
%Y
7KHSULQFLSOHRIWKH SUREDELOLW\PDWFKLQJPHWKRG IRUFRUUHFWLQJDVH
ULHV < >\\Q@EDVHGRQ WKHVWDWLVWLFDOSURSHUWLHV RIDQRWKHUYDULDEOH
; >[[P@LVUHYLHZHGKHUH)LUVWWKH FXPXODWLYHGLVWULEXWLRQIXQFWLRQ
FGIRIERWK<DQG ;LVFDOFXODWHG7KHQ HDFK YDOXH \LLVUHSODFHGE\ WKH
YDOXHLQ WKHVHULHV;ZKLFKKDV WKHVDPHFGIYDOXHDV \L)RU LQVWDQFHLI
WKHFGI YDOXHRI \LLVWKHQ\LLV UHSODFHGE\ WKHWK SHUFHQWLOH RI
WKHYDULDEOH;
$QDQDO\WLFDOIRUPXODWLRQRIWKHIXQFWLRQWKDW FRQYHUWVWKH<VHULHVLV
¿WXVLQJD UHIHUHQFHGDWD VHW DQGWKHQDSSOLHGWRDQ\ VHULHVRI<WKDW
QHHGVFRUUHFWLRQ7KHFRUUHFWLRQIRUPXODHZHUHGHWHUPLQHG E\FRPSDU
LQJWKHVHULHV RI HDFK 57SURGXFWZLWK%YRYHU  \HDUV
–RYHU WKHVWXGLHGDUHD $SRO\QRPLDOIXQFWLRQZLWKGHJUHH
RU OHVV ZDV IRXQGDGHTXDWH
௖ܻ௢௥௥ ൌ ܽ ൅ ܾܻ ൅ ܻܿଶ 
ZKHUH<FRUULVWKH ELDVDGMXVWHGSURGXFWVHWWRLILWLVQHJDWLYHDQG <LV
WKH57YDOXH7KH IRUPXODH¿WWHG IRU WKH 57SURGXFWVDUHJLYHQ LQ
7DEOH  IRU LQIRUPDWLRQSOHDVHQRWHWKDWWKLV FRUUHFWLRQZDVIRXQGWR
EH DGDSWHGWR WKHORFDWLRQDQGSHULRGZKHUHLW ZDV¿WWHGDQGVKRXOG
QRWEHXVHGLQ RWKHUFRQGLWLRQV7DEOH LVRQO\ LQIRUPDWLYH
7KH LQWHUDQQXDO FKDUDFWHULVWLFVRI WKH ELDVDGMXVWHG57SURGXFWV
DQGWKHLU IUHTXHQF\GLVWULEXWLRQVDUH GLVSOD\HGLQ )LJVDQG $IWHU
FRUUHFWLRQWKHUDLQIDOODFFXPXODWLRQV DQGWKHSURSRUWLRQRI KLJKUDLQ
UDWHVDUH LQEHWWHUDJUHHPHQWDVVHHQ LQWKH¿JXUHVDQG LQ7DEOH $VLP
SOH JOREDOFRUUHFWLRQVXFKDV WKHRQH LPSOHPHQWHGKHUHLQIDLOV LQ WKH
FDVH RI D VWURQJ LQWHUDQQXDO YDULDELOLW\LQ WKHSURGXFWSHUIRUPDQFH
)RULQVWDQFH)LJD VKRZVWKDWLQ  3(56,$11DFFXPXODWLRQLVUHOD
WLYHO\ORZHUWKDQ IRU WKHRWKHU\HDUV )LJVKRZVWKDWIRU WKDW\HDU WKH
SURGXFW FRUUHFWLRQEULQJV3(56,$11EHORZDOO WKHRWKHUSURGXFWV7KH
VDPHLV WUXHIRU &0253+LQ )XUWKHUDQDO\VLVZRXOGEH QHHGHG
DQG DQ DGMXVWPHQWRIWKHSURGXFWVRQ D\HDU WR\HDU EDVLV PLJKWEH EHW
WHUKRZHYHUWKLVLVEH\RQGWKHVFRSHRIWKHSUHVHQWDQDO\VLV
7KH K\GURORJLFDOVLPXODWLRQ LV EDVHG RQWKHODQG VXUIDFHPRGHO
/60 ,6%$ ,QWHUDFWLRQVEHWZHHQ6RLO %LRVSKHUH DQG$WPRVSKHUH
FRXSOHGZLWKWKHURXWLQJVFKHPH75,3 7RWDO5XQRII ,QWHJUDWLQJ3DWK
ZD\V ZLWKLQ WKH685)(;SODWIRUPZZZFQUPPHWHRIUVXUIH[
0DVVRQHWDOGHYHORSHGDW0HWHR)UDQFH
,6%$ZDV LQLWLDOO\GHYHORSHG E\ 1RLOKDQDQG3ODQWRQ6RPH
GHYHORSPHQWVKDYHEHHQGRQHWR LPSURYHWKH K\GURORJLFDOPRGHOOLQJ
VXFKDV WKHLQFOXVLRQRID WKLUGVRLO OD\HUIRUFHUHVWRUHVRLO PHWKRG
%RRQH HWDOWKHLPSOHPHQWDWLRQRIDVXEJULGK\GURORJ\GHVFULE
LQJ 'XQQHDQG+RUWRQUXQRII'HFKDUPHDQG'RXYLOOHDQGWKH
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VXUIDFHUHVHUYRLU66LVOLQHDUO\UHODWHGWR ULYHUPDVVXVLQJDXQLIRUP
DQG FRQVWDQW ÀRZ YHORFLW\ PVí7KHODWHVW YHUVLRQ RI 75,3
FRXSOHGZLWK,6%$WDNHVLQWRDFFRXQWDYDULDEOHÀRZYHORFLW\FRPSXWHG
YLD0DQQLQJHTXDWLRQ (T  'HFKDUPHHWDODJURXQGZDWHU
UHVHUYRLU * 'HFKDUPH HWDO  D WZRZD\ÀRRG VFKHPH )
'HFKDUPHHWDO DQGD GHHS DTXLIHUUHVHUYRLU $T3HGLQRWWL
HWDO7KLV QHZ V\VWHPUHVXOWVLQ WKHIROORZLQJJRYHUQLQJHTXD
WLRQV
)LJ6DPHDV )LJZLWKFRUUHFWHG57SURGXFWV
ZKHUH 4LQDQG 4RXWUHSUHVHQWUHVSHFWLYHO\WKHLQÀRZDQG WKHRXWÀRZRI
WKHUHOHYDQWUHVHUYRLUĮLVD¿[HGYDOXHGH¿QLQJWKHSDUWLWLRQRI
WKHGHHSGUDLQDJHVEJRLQJ WRJURXQGZDWHUĮDQG DTXLIHUíĮ
+HUH ZDWHUJRLQJWR GHHSDTXLIHUUHVHUYRLUGRHVQRWFRQWULEXWHWR WKH
ULYHU ,IDQG(IDUH UHVSHFWLYHO\WKH LQ¿OWUDWLRQDQGWKHHYDSRUDWLRQDQG
3IWKH UDLQIDOO RYHU WKH ÀRRG SODLQ 0RUH GHWDLOV FDQ EH IRXQG LQ
3HGLQRWWLHWDO 7KHRXWÀRZIURPDULYHUJULG FHOO LVGH¿QHGDV
ZKHUH4RXW LVWKHVLPXODWHGULYHU GLVFKDUJHP Ví/LVWKHULYHU OHQJWK
P6LVWKHZDWHUPDVV NJNLVDFRQVWDQWHTXDOWR5LVWKHK\GUDXOLF
UDGLXVPDQGV LV WKHGRZQVWUHDPULYHUKHLJKWORVV SHUXQLWOHQJWK
PPí
ߜܣݍߜݐ ൌ  ሺͳ െ ߙሻܳ௦௕ െܳ௢௨௧஺௤ 
ߜܩߜݐ ൌ ߙܳ௦௕ െܳ௢௨௧ீ ߜܵߜݐ ൌ ܳ௜௡ௌ ൅ܳ௢௨௧ீ ൅ሺܳ௢௨௧ி െܳ௜௡ி ሻ ൅ ܳ௢௨௧ௌ ߜܨߜݐ ൌ ܳ௜௡ி ൅൫ ௙ܲ െܫ௙ െܧ௙൯ െ ܳ௢௨௧ி  
ܳ௢௨௧ௌ ൌ ݒܮ ܵݓ݅ݐ݄ݒ ൌ  ݇݊௥௜௩ ܴଶ ଷΤ ݏଵ ଶΤ  
)LJ6DPHDV )LJZLWKFRUUHFWHG57SURGXFWV
LPSOHPHQWDWLRQRI DQ H[SRQHQWLDOSUR¿OHRI WKH VDWXUDWHGK\GUDXOLF
FRQGXFWLYLW\ ZLWK VRLO  GHSWK 'HFKDUPH DQG  'RXYLOOH  
'HFKDUPHHWDO
7KH 75,3URXWLQJVFKHPHZDV GHYHORSHGDW WKH7RN\R 8QLYHUVLW\E\
2NLDQG 6XG ,QLWLDOO\LWFRQYHUWHGWKH,6%$VLPXODWLRQUXQRII LQWR
ULYHUGLVFKDUJHWKDQNVWR DJOREDOULYHUFKDQQHOQHWZRUNDQGDVLQJOH
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7KHJULG UHVROXWLRQRIWKHPRGHOLVGHJUHHVWKH WLPHVWHSRI
,6%$LVPLQ WKHWLPHVWHSRIWKHLQSXWYDULDEOHVLVKDQGWKHFRX
SOLQJ EHWZHHQ,6%$DQG75,3LVGDLO\
VLPXODWLRQV IRUFHGZLWKWKH:)'(,GDWD VHWRU ZLWKDQ LQWHUDQQXDO
PHDQ IRUDOO PHWHRURORJLFDO YDULDEOHVH[FHSW UDLQIDOO DW HDFK WLPH
VWHS$VWKH:)'(,GDWDVHW ZDVDYDLODEOHIURPWRRQO\ ZH
XVHG DQ LQWHUDQQXDOPHDQWR IRUFH WKH/60 ,6%$IURPWR 
1RWHWKDW WKLVORZ VHQVLWLYLW\RI WKHVLPXODWHG GLVFKDUJHDQRPDO\WR
XVLQJDFOLPDWRORJLFDOIRUFLQJLVSDUWLFXODUO\LQWHUHVWLQJ IRU RSHUDWLRQDO
ÀRRG IRUHFDVWSHUVSHFWLYHZKLFKFRXOG EH EDVHGRQ DQ LQWHUDQQXDO
PHDQDWPRVSKHULFVWDWHYDOXH
6SHFL¿FFRQ¿JXUDWLRQ
6LPXODWLQJWKHGLVFKDUJHRYHU WKHHQWLUH1LJHU EDVLQLQFOXGLQJWKH
SURSDJDWLRQ WKURXJK WKH  LQQHU GHOWD  KDV SURYHG WR EH GLI¿FXOW
'HFKDUPHHWDO3HGLQRWWLHWDOEHFDXVHWKH K\GURG\QDP
LFVLQVLGHWKHGHOWDDQG LWVÀRRGSODLQVDUH QRWUHVROYHGH[SOLFLWO\E\ WKH
UHODWLYHO\VLPSOHÀRRGSDUDPHWHUL]DWLRQ XVHG KHUHLQ,Q RUGHUWR FRU
UHFWO\DVVHVVWKH UDSLGUHVSRQVHRI WKHZDWHUVKHGWRWKH PRQVRRQUDLQ
IDOO LQ WKH YLFLQLW\RI 1LDPH\FLUFOH LQ )LJ ELDV LQ WKHVLPXODWLRQ
SURSDJDWHGIURP XSVWUHDPVKRXOGEH DYRLGHG7KHUHIRUHLQ WKHFXUUHQW
VWXG\D VSHFL¿FVHWXS ZDV DGRSWHGLQ RUGHUWRH[DPLQHWKH K\GURORJL
FDO UHVSRQVHWRWKH‘ORFDO’ UDLQIDOOWKHREVHUYHGGLVFKDUJHLVLPSRVHGDS
SUR[LPDWHO\ NP XSVWUHDPRI1LDPH\DQG EHIRUHWKH MXQFWLRQZLWK
WKHULJKWEDQN WULEXWDULHVDWWKHVWDWLRQORFDWHGLQ WKHFLW\RI$QVRQJR
)LJVDQG 7KH QXPHULFDOH[SHULPHQW LVOLPLWHGWRWKH1LJHU EDVLQ
EHWZHHQ$QVRQJR ǈ1 ǈ(0DOL DQG1LDPH\ǈ1 ǈ
(1LJHU LQFOXGLQJ WKH WUHH ULJKWEDQN WULEXWDULHV*RURXRO 'DUJRO
DQG6LUED
7KLV FRQ¿JXUDWLRQLVD UHVHDUFKYHUVLRQEXWFRXOGEH FRQVLGHUHGIRU
RSHUDWLRQDOÀRRGSUHGLFWLRQ)RU RSHUDWLRQDOSXUSRVHVRQHFRXOGUXQ
WKHPRGHOZLWKDGDLO\ GLVFKDUJHFROOHFWHGLQ $QVRQJRRULQ WKHIXWXUH
IURP VDWHOOLWHDOWLPHWU\6RPH ÀRRGPRGHOVDUH EDVHGVROHO\ RQ UHODWLQJ
WKHGLVFKDUJHLQRQH SRLQWZLWKWKH GLVFKDUJHXSVWUHDP7KHXVH RI,6%$
75,3DFFRXQWVIRU WKHUDLQIDOOUXQRIISURFHVVHVRQ WKH ULJKWEDQNEDVLQV
ZKLFKFRQWULEXWHWRDVLJQL¿FDQWSRUWLRQRIWKHGLVFKDUJHLQ 1LDPH\DV
VHHQLQ )LJ
'LVFKDUJH FRQVWUDLQWDW $QVRQJR
,QWKLV VSHFLDOH[SHULPHQWZH IRUFHG 75,3DW$QVRQJRZLWKREVHUYHG
GLVFKDUJHDWWKLVVWDWLRQ7KH 1LJHU %DVLQ $XWKRULW\SURYLGHGGDLO\ GLV
FKDUJHIURP WR
2WKHU SDUDPHWHUV
7KH685)(;PRGHOUHOLHV RQ DVLPSOH¿UVWRUGHU SK\VLFDOUHSUHVHQWD
WLRQRI K\GURORJLFSURFHVVHV7KH PRGHOSDUDPHWHUV DUH GHULYHG IURP
WKH(&2&/,0$3 GDWDEDVH &KDPSHDX[HW DODQGRWKHUSK\VLR
JUDSKLFLQIRUPDWLRQ VRLOW\SHWRSRJUDSK\HWF 7KXV WKHPRGHOFDQ
EH XVHGRQ XQJDXJHGEDVLQVDQGRUDW WKHJOREDO VFDOH ZLWKRXWFDOLEUD
WLRQ7KH ,6%$75,3PRGHOLVXOWLPDWHO\LQWHQGHGIRU XVH LQ D FRXSOHG
JOREDOFOLPDWHPRGHOZKLFK UHTXLUHV D FRPSURPLVH LQ WHUPVRI WKH
OHYHO RIFRPSOH[LW\DQGLPSOLHVDUHODWLYHO\FRDUVHVSDWLDOUHVROXWLRQ
)RU WKHFXUUHQW VLPXODWLRQVWKH,6%$SDUDPHWHU YDOXHVQHHGHG IRU
FDOFXODWLQJWKHHQHUJ\DQGZDWHU VXUIDFHEXGJHWDUH NHSWVWDQGDUGDV
LQ 3HGLQRWWLHWDO 1RWHKRZHYHUWKDWFHUWDLQNH\ K\GURORJLFDO
SDUDPHWHUV VXFKDV WKRVH FRQWUROOLQJVXEJULGUXQRII RU ULYHUÀRZ
FDQEH DGMXVWHG IRU D VSHFL¿F FDVHRU EDVLQ DSSOLFDWLRQ7KH GHIDXOW
ODUJH VFDOH SDUDPHWHU YDOXHVKDYH EHHQGHWHUPLQHGXVLQJ VLPSOHHPSLU
LFDODQG JHRPRUSKRORJLFDOUHODWLRQVKLSVLQRUGHUWRDSSO\WKH,6%$75,3
PRGHODWWKHJOREDO VFDOH WKXVVPDOOHURU EDVLQVSHFL¿FHUURUVDUH WREH
H[SHFWHG$IWHU VRPHVHQVLWLYLW\VWXGLHVDQ DGMXVWPHQWRI WKH0DQQLQJ
FRHI¿FLHQWQULYLQ75,3(TZDV GRQHRYHU WKH VWXG\DUHD 7KHLQLWLDO
YDOXHRIWKLVSDUDPHWHUZDV  IRU WKH1LJHU ULYHUEHWZHHQ$QVRQJR
DQG 1LDPH\ DQG DURXQG RYHU WKHRWKHUSDUWVRIWKHGUDLQDJHDUHD
7KLV UHVXOWHGLQ YHU\ ‘VORZ’ RU ÀDWWHQHGVLPXODWHGGLVFKDUJH,Q WKHFXU
UHQWVWXG\DVSDWLDOO\FRQVWDQWYDOXH RI LVSUHVFULEHGRYHU WKHHQ
WLUH DUHD7KLV YDOXHLVFRQVLVWHQWZLWKWKHUDQJHRIYDOXHVUHSRUWHG IRU
ODUJHULYHUV0DLGPHQWDQGGHVFULEHGLQ WKHOLWHUDWXUH&KRZ
*UD\ 
$WPRVSKHULF IRUFLQJ
)RUFLQJ GDWDFRQVLVWVLQ UDLQIDOO6HFWLRQDQG DWPRVSKHULFVWDWH
YDULDEOHVDLU WHPSHUDWXUHVSHFL¿FKXPLGLW\ZLQGFRPSRQHQWVDW P
DQGVXUIDFHSUHVVXUH)RUWKHFXUUHQWVUXQVWKHDWPRVSKHULFVWDWHYDUL
DEOHVDUH EDVHGRQ WKH:$7&+)RUFLQJ'DWD PHWKRGRORJ\DSSOLHGWR
(5$,QWHULPGDWD :)'(,:HHGRQHW DO:)'(,SURYLGHHLJKW
PHWHRURORJLFDOYDULDEOHVDWKRXUO\WLPHVWHSVIRU JOREDOVXUIDFHDW
 î  UHVROXWLRQ1RWHWKDW WKH:$7&+UDLQIDOO¿HOGLV UHSODFHG
E\WKH SURGXFWVGHVFULEHGKHUHLQ
$VHQVLWLYLW\WHVW FRYHULQJD GHFDGH IURP WRVKRZHG
WKDWWKHUHLVQR VLJQL¿FDQWGLIIHUHQFHLQ WHUPVRIGLVFKDUJHEHWZHHQ
5HVXOWV
6LPXODWHGGLVFKDUJH
7KH GLVFKDUJHVLPXODWHGDWWKH1LDPH\VWDWLRQXVLQJWKHGLIIHUHQW
UDLQIDOO IRUFLQJ LV FRPSDUHGWR WKHREVHUYDWLRQVLQ )LJ 7KH 1DVK
6XWFOLIIH (I¿FLHQF\FRHI¿FLHQW 16(1DVK DQG6XWFOLIIH .UDXVH
HWDOLVFDOFXODWHGDV
  
ZKHUH2LVWKHREVHUYHGGDWDVHULHVDQG(WKHHVWLPDWHGGDWDVHULHV
7KHDJUHHPHQWEHWZHHQWKHREVHUYDWLRQVDQG WKH VLPXODWLRQVIRUFHG
E\DQ\ RIWKHSURGXFWVWKDWLQJHVWJDXJHLQIRUPDWLRQ&3&5)(DQG
%YLVKLJKWRSSORWLQ )LJ 7KH16(LV VOLJKWO\KLJKHUIRU WKH
%YEDVHG VLPXODWLRQ7KH ]RRP RQ WKH¿UVWÀRRGVKRZQEHORZ
)LJUHYHDOVWKDWWKHVLPXODWLRQEDVHGRQ WKLV IRUFLQJLVEHVWDWUH
SURGXFLQJWKH IDVW YDULDWLRQVRI WKHGLVFKDUJH7KLV LV DWWULEXWDEOHWR
WKHKLJKWHPSRUDOUHVROXWLRQ K RI WKLVSURGXFWDQGDOVR GXHWR LWV
DELOLW\WRUHSURGXFH WKHVSDWLDOSDWWHUQV *XLOORWHDXHWDODFFHSWHGIRU
SXEOLFDWLRQLQFRQWUDVWZLWKWKHWHQGHQF\RI5)(WRVPRRWKWKH UDLQIDOO
SDWWHUQV 6HFWLRQ DQG)LJVDQG $VH[SHFWHGWKHVLPXODWLRQV
)LJ7KHDUHDRIWKH1LJHUEDVLQEHWZHHQ$QVRQJRDQG1LDPH\FRQVLGHUHG IRUWKHVLP
XODWLRQFRYHULQJ  î SL[HOVQXPEHUHG WR ZLWKWKHFRORXUVFDOH
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)LJ7KH REVHUYHGEODFNGDVKDQG,6%$75,3VLPXODWHG GLVFKDUJHDW1LDPH\IRUWKH LQGLFDWHG UDLQ IRUFLQJ7RS&3&5)(%Y 0LGGOH%57 &0253+ DQG3(56,$11%RWWRP
WKH ELDVDGMXVWHG57SURGXFWV7KHKRUL]RQWDOJUH\GDVKHGOLQHUHIHUVWRWKHP VíYDOXHWKDWGH¿QHVWKHÀRRGWKUHVKROG7KH16(V (T  DUHLQGLFDWHGRQWKHSORWV
EDVHGRQ WKH57HVWLPDWRUVSURGXFHVWURQJSRVLWLYHELDVHVLQ WKHGLV
FKDUJHPLGGOH SORWLQ )LJ 7KH 57SURGXFWVELDVDGMXVWHGZLWKWKH
VLPSOHSUREDELOLW\PDWFKLQJPHWKRG SURYLGHPXFKEHWWHU UHVXOWVERW
WRP SORWLQ)LJ7KHEHVW16(LVREWDLQHGIRUWKHELDVDGMXVWHGYHUVLRQ
RI%57ZKLFKKDV WKHVDPHVNLOO DV WKHJDXJHIHG SURGXFWV
5)(&3&DQG %Y KDYHVLPLODUYDOXHVRIWKHFXPXODWHGUDLQ
IDOO RYHU WKHSHULRGDQGWKHGRPDLQ 6HFWLRQEHFDXVHWKH\ERWK
LQJHVW JDXJH LQIRUPDWLRQ )XUWKHUH[DPLQDWLRQ RI WKHWZRXSSHU
PRVWSDQHOVLQ )LJE DQGF UHYHDOVWKHGLIIHUHQFHVLQ WKHZD\WKH
UDLQIDOOLV GLVWULEXWHG LQ WLPHDQG VSDFH ,WDOVR VKRZVWKH FRQVH
TXHQFHV RQ WKH VLPXODWHG K\GURORJLFDOUHVSRQVH5)(VSUHDGV WKH
UDLQ VPRRWKO\ RYHU WKH GRPDLQ DQG WKH UDLQ UDWHVDUH TXLWH ORZ
WKXV OLPLWLQJWKHUXQRIIDQGVXEVHTXHQWGLVFKDUJH7KH %YDQG
&3& VLPXODWLRQV IROORZ WKHREVHUYHGULVH LQ WKHREVHUYHGGLVFKDUJH
PXFK EHWWHU7KH GDVKHG OLQHV LQ WKH ERWWRP SDQHOV VKRZ WKH
LQWHUDQQXDOPHDQRI WKH GLVFKDUJHDQGFRQ¿UPWKDW WKHDJUHHPHQW
EHWZHHQ WKH%Y IRUFHG VLPXODWLRQ DQGWKHREVHUYDWLRQ LV
VWHDG\7KH XQGHUHVWLPDWLRQRI WKHGLVFKDUJHZLWK5)(LV D VWDEOH
IHDWXUH DQG LQDFFRUGDQFHWR ZKDW ZDV IRXQG E\*RVVHW HW DO
LQ %HQLQ
$VVHHQ LQ)LJWKHSRVLWLYHELDV LQWKH57SURGXFWVSURSDJDWHVDVD
SRVLWLYHELDV LQ WKH GLVFKDUJH7KH SRVLWLYH VKLIW RI WKHIUHTXHQF\
GLVWULEXWLRQ )LJE HQKDQFHV WKLV ELDV 7KLHPLJHW DO
*RVVHWHWDO%LDVDGMXVWLQJWKHSURGXFWVLPSURYHVWKHUHVXOWV
7KH EHVW VLPXODWLRQLV REWDLQHGZLWK WKH ELDVDGMXVWHGYHUVLRQRI
%57 )LJG 7KH UHVSRQVHWR WKH¿UVW LQWHQVHHYHQWLV ZHOO
UHSURGXFHGKRZHYHUWKHELDVDGMXVWPHQWUHGXFHVWRRPXFKWKH HI
IHFWRIWKHVHFRQGHYHQW$VPHQWLRQHGLQ6HFWLRQ&0253+ELDV
$FORVHU ORRNWRÀRRG HYHQWV G\QDPLFV
)LJVDQG LOOXVWUDWHWKHJHQHVLVRIWKH DQG  ÀRRGVDQG
WKHUDLQ WKDW FDXVHG LWXVLQJYDULRXVUDLQIDOOSURGXFWV7KH WLPHHYROX
WLRQDQGVSDWLDOGLVWULEXWLRQRI UDLQIDOOZLWKLQ WKHIRUW\QLQHSL[HOVLV
VKRZQLQ WKHXSSHUPRVW SDQHOV7KH<D[LV LV WKHSL[HOQXPEHUDV LQ
)LJWKHODUJHUWKHQXPEHUWKHIXUWKHUDZD\IURP1LDPH\WKH SL[HO
LV 7KH UDLQIDOO LV JLYHQ DV WKH GDLO\DPRXQWRI UDLQIDOOLQPP SHU
SL[HO 7KH ERWWRPSDQHOVGHSLFWZLWKWKHVDPH[D[LV WKHGDLO\ WLPHVH
ULHV RIPHDQ UDLQIDOORYHU WKHGRPDLQDQGWKHREVHUYHGDQGVLPXODWHG
GLVFKDUJH
,Q )LJ WKHWZRVXFFHVVLYHULVHV RIWKHGLVFKDUJHDUH DVVR
FLDWHGZLWKDW OHDVWPDMRUHYHQWVWKDWRFFXUUHGLQ $XJXVW$XJXVWUG
DQG $XJXVWWKIRU%Y )LJF 7KHVH UDLQIDOOHYHQWVDUH HVWLPDW
HG DVWKH KLJKHVWUDLQ\ GD\V RIWKHSHULRGE\DOOSURGXFWVWKHWKSHU
FHQWLOHLV UHDFKHGKRZHYHUWKHDEVROXWHLQWHQVLW\RIWKHVHHYHQWVYDU\
DPRQJWKHSURGXFWV
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)LJ7LPHHYROXWLRQRI WKH UDLQIDOORYHUWKH UHJLRQ LHWKH SL[HOVQXPEHUHG LQ )LJDQGWKHREVHUYHGDQGVLPXODWHGGLVFKDUJHEHWZHHQWKHVWRI-XQHDQGWKHREVHUYHG¿UVWSHDN
LQ 7RS\D[LVSL[HOQXPEHUWR[D[LVGD\RI\HDUWKHFRORXUUHSUHVHQWV WKHDPRXQWRI UDLQIDOOLQPPIRUHDFKSL[HODQGGD\%RWWRP7LPHHYROXWLRQ RI WKHPHDQUDLQIDOO
RYHUWKH]RQHOLJKWJUH\WKHREVHUYHGGLVFKDUJHEODFNDQGLWVLQWHUDQQXDOPHDQEDFNGDVKHVWKHVLPXODWHGGLVFKDUJHFRORXUDQGLWVLQWHUDQQXDOPHDQFRORXUHGGDVKHVIRU57
SURGXFWVVWDUVUHSUHVHQW WKHVLPXODWHGGLVFKDUJHEHIRUHELDVDGMXVWPHQWRI WKHIRUFLQJ
LQ LVORZ FRPSDUHGWRWKHRWKHU\HDUVDQGWKHFRUUHFWLRQRYHU
FRPSHQVDWHVWKHELDV OHDGLQJWRDQ XQGHUHVWLPDWLRQRIWKHRXWÀRZ
)LJH 3(56,$11 )LJILV WKH PRVWELDVHGDQG WKHULVHLQ
WKHGLVFKDUJH LVERWK WRR KLJKDQGPXFK WRR HDUO\7KH ELDV
DGMXVWPHQW LPSURYHVWKH VLPXODWLRQEXWWKHHDUO\ULVHRI WKHGLV
FKDUJHLVQRWHOLPLQDWHGDQGWKHSRVLWLYHELDV LV ORZHUEXWSHUVLVWV
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)LJ6DPHDV )LJ IRU%YLQ
DQGDUHFRUUHFWO\GHWHFWHG DV ÀRRGHGIRU DWOHDVWRQHGD\
E\ WKHVHVLPXODWLRQV7KH\DOOPLVV WKHVKRUWÀRRGLQ &3&PLVVHV
DOVR WKH ÀRRGDQG %Y IDOVHO\ GHWHFWVÀRRGVLQ DQG 
$VH[SHFWHGIURP WKH SUHYLRXVVHFWLRQVWKHVLPXODWLRQVEDVHGRQ WKH57
SURGXFWVJHQHUDWHDORWRIVSXULRXVÀRRGVEHFDXVHRIWKHH[FHVVRIUDLQ
IDOO7KH%57DQG 3(56,$11EDVHGVLPXODWLRQVJHQHUDWHÀRRGVHYHU\
\HDU7KH UHVXOWV DUHLPSURYHGZLWK WKH ELDVDGMXVWHG 57SURGXFWV
KRZHYHUQXPHURXVIDOVH DODUPVUHPDLQ IRU %57DQG3(56,$11
DQG IRU &0253+DQGWKHPLVVHVLQFUHDVH&0253+DQG3(56,$1
PLVV WKHÀRRG
,Q)LJ DVLPLODUDQDO\VLVLVSHUIRUPHGXVLQJ WKHWKSHUFHQWLOHRI
HDFK GLVFKDUJHVHULHVDVDWKUHVKROGWKHOLQH RIREVHUYDWLRQLVWKXVLGHQ
WLFDOLQ)LJVDQG     DQG  VWDQGRXWDVÀRRGHG
\HDUVZLWKDJRRG DJUHHPHQWEHWZHHQWKHVLPXODWLRQVH[FHSWLQ 
IRU ELDVDGMXVWHG&0253+DQG 3(56,$117KHDJUHHPHQWEHWZHHQWKH
REVHUYDWLRQVDQGWKHVLPXODWLRQVLQ WHUPVRI GHWHFWLQJWKHRFFXUUHQFH
RI \HDUVZLWKDW OHDVWRQHÀRRGGD\ LV LPSURYHG LIRU WKHJDXJH
DGMXVWHG SURGXFW DVOLJKW LPSURYHPHQW LVIRXQG IRU%Y RQO\
 \HDUZLWKIDOVH DODUPLL IRU WKH57SURGXFWVWKH LPSURYHPHQWLV
VSHFWDFXODU7KH QXPEHURI\HDUVZLWKD IDOVHO\ GHWHFWHGÀRRGLVPXFK
UHGXFHG\HDUVIRU%57DQG&0253+DQGZLWK3(56,$11
7KLV VXJJHVWVWKDWDQ HQVHPEOHSUHGLFWLRQEDVHGRQ VHYHUDO57HVWL
PDWRUVDQGLGHDOO\ VXEHQVHPEOHV EDVHGRQ WKHXQFHUWDLQW\IRU HDFK
HVWLPDWRU ZRXOG SURYLGH VRPH VNLOOIRU GHWHFWLQJ \HDUV ZLWKÀRRG
ULVN $PRUH FKDOOHQJLQJWDVNKRZHYHULV WR SUHGLFWWKHGXUDWLRQDQG
WLPLQJRIWKHÀRRGZLWKLQWKHVHDVRQ
,Q7DEOHV DQG WKHVNLOO RIWKHVLPXODWLRQVLVDQDO\VHGLQ WHUPVRI
SUREDELOLW\RIGHWHFWLRQ32'DQG IDOVH DODUPUDWH)$5IRU LQGLYLGXDO
6LPLODU WHQGHQFLHVLQWKHGLIIHUHQFHVEHWZHHQWKH SURGXFWVDQG WKHLU
FRQVHTXHQFHVRQ WKHK\GURORJLFDOUHVSRQVH PD\EH GUDZQIURPWKH
 DQGVHTXHQFHQRWVKRZQ
7KH ÀRRGLVSUHVHQWHGLQ )LJ IRU WKH %Y IRUFLQJ RQO\ DV
DQ LOOXVWUDWLYHH[DPSOHRIWKH OLPLWVRIWKHK\GURORJLFDOVLPXODWLRQV%H
WZHHQ-XO\ WKDQG$XJXVW WK WKH REVHUYHGGLVFKDUJHLQFUHDVHV
VKDUSO\EXWQR SURGXFWGHWHFWVDQ\ VWURQJ UDLQIDOODQGDFFRUGLQJO\WKH
VLPXODWLRQPLVVHVWKLV LQFUHDVHDQGUHPDLQVFORVH WR WKHLQWHUDQQXDO
PHDQ$%1UHSRUWHGD G\NH UXSWXUHZKLFKFRXOGH[SODLQWKHGLVDJUHH
PHQWEHWZHHQWKHGLVFKDUJHREVHUYDWLRQVDQGWKHUDLQIDOO
7KH WLPHVHULHVLQ)LJVDQG  SRLQWRXWWKDWEHWZHHQWKHUDLQIDOO
HYHQWVDQGWKH VXFFHVVLYHULVHV LQ WKHGLVFKDUJHWKDWEXLOGWKH1LDPH\
¿UVWÀRRG WKH WLPHODJ LVDERXW WRGD\V 7KLV LPSOLHVWKDW UDLQIDOO
SURGXFWVQHHGWREH DYDLODEOHZLWKDGHOD\RIWRGD\V LQ RUGHUWR EH
XVHIXOIRU RSHUDWLRQDOSXUSRVHV
)ORRGSUHGLFWLRQ
$VPHQWLRQHGSUHYLRXVO\WKH$%1FRQVLGHUVWKDW WKHFULWLFDORXWÀRZ
WKDWOHDGV WRÀRRGLV PVí%DVHG RQ WKHDQDO\VLVRIWKHGLVFKDUJH
WLPHVHULHVWKLVWKUHVKROGLVHTXLYDOHQWWRWKHWKSHUFHQWLOHRYHU WKH
–SHULRG7KLVVHFWLRQGLVFXVVHVWKHDELOLW\RIWKHSURGXFWVSOXV
PRGHOWR SUHGLFWDSHULRGRI WLPHZKHQWKHPVíOHYHO RU WKH
WKSHUFHQWLOHLQ WKHGLVFKDUJHDUH H[FHHGHG
)LJVXPPDUL]HVWKH SHULRGVSHU \HDU ZKHQWKHREVHUYHGDQG VLP
XODWHGGLVFKDUJHVH[FHHGHGWKHP VíWKUHVKROG7KH DJUHHPHQW
EHWZHHQWKHREVHUYDWLRQVDQGWKHVLPXODWLRQVIRUFHGE\ &3& DQGWKH
JDXJHDGMXVWHG SURGXFWV– 5)(DQG%Y– LV TXLWHJRRG
)LJ3HULRGZKHQWKHREVHUYHGEODFNRU VLPXODWHGFRORXUVGLVFKDUJHLVDERYHP Ví)RUHDFK \HDU WKH$62SHULRGLVVKRZQ
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)LJ3HULRGZKHQWKHREVHUYHGEODFNRU VLPXODWHGFRORXUVGLVFKDUJHLVDERYHWKHWKSHUFHQWLOH)RUHDFK\HDUWKH$62SHULRGLVVKRZQ
ÀRRGGD\V EDVHGRQ WKHWKSHUFHQWLOH,QDGGLWLRQWRWKHFODVVLFDO 32'
RU )$5FDOFXODWHGE\FRPSDULQJHDFK REVHUYHGÀRRGZLWKWKHVLPXODW
HG GLVFKDUJHRQ WKHVDPHGD\ ZH DOVR DOORZHGD WHPSRUDO WROHUDQFH
7KH GHWHFWLRQLVFRQVLGHUHGYDOLG LIRQH ÀRRGGD\ LV SUHGLFWHGZLWKLQD
WLPHZLQGRZRISOXVPLQXV1GD\V 7KLV WROHUDQFHZLQGRZDOORZVYHU
LI\LQJ LIWKHSUHGLFWLRQV\VWHPUDLQIRUFLQJ PRGHOGLDJQRVHVDÀRRG
HYHQWEXWQRWLWV H[DFW WLPLQJ7KH UHODWLYHO\FRDUVHUHVROXWLRQ RI WKH
PRGHOWKH VLPSOL¿HGUHSUHVHQWDWLRQ RIWKH UXQRIISURFHVVHVWKHXQFHU
WDLQW\LQ WKHUDLQ IRUFLQJ PD\ FDXVHVOLJKW VKLIWV LQ WKHWLPLQJRIWKHK\
GURORJLFDOUHVSRQVH )LJVKRZVLQGHHGWKDWWKHGDLO\ VFDOH GHWDLOVLQ
WKHGLVFKDUJHDUH GLIIHUHQWIRU WKHYDULRXVVLPXODWLRQVDQG IRU WKHREVHU
YDWLRQ7DEOHV DQG UHSRUWWKHUHVXOWVIRU WKHFODVVLFDO32'DQG)$5
DQGZLWKWROHUDQFHZLQGRZVRIDQGGD\V
:LWK WKHVLPXODWLRQVEDVHGRQ &3&DQG %Y WKH32'LVDQG
ULVHV DWIRU D WLPHWROHUDQFHRIGD\V RU PRUH)RU WKHVHWZRVLPX
ODWLRQVWKH)$5 LVLQLWLDOO\DQGGURSVWR DQGEHORZIRU D GD\
WROHUDQFH7KH &3&DQG %Y EDVHG VLPXODWLRQV DUHLQ YHU\ JRRG
DJUHHPHQW GHVSLWH WKH GLIIHUHQFHVEHWZHHQ WKHVH WZR SURGXFWV LQ
WHUPVRI QXPEHULQWHQVLW\ DQG VSDWLDO H[WHQVLRQ RI WKH UDLQ\ GD\V
)LJ 7KLVPD\ EH GXH WRWKHW\SHRIPRGHOJOREDO/60DQG UHODWLYH
FRDUVHJULG UHVROXWLRQXVHGZKLFKUHGXFHVWKHVHQVLWLYLW\ WR WKHUDLQ
IRUFLQJ 7KHVFRUHVDUH KRZHYHUORZHUZLWK5)(ZKLFKWHQGVWRJHQHU
DWH PRUHIDOVH DODUPLQ DJUHHPHQWZLWKLWV WHQGHQF\WR RYHUHVWLPDWH
WKHQXPEHURIUDLQ\GD\V )LJ
7KH VFRUHVDUH VXEVWDQWLDOO\ORZHUIRU WKH57SURGXFWV$WROHUDQFH
ZLQGRZRIGD\V LVQHHGHGWRUHDFKD32'FORVH WRDQG)$5FORVH
WR 7KH 32'REWDLQHGZLWK WKHELDVDGMXVWHGSURGXFWV LV VLPLODU
WKDQ IRU WKH UDZ  57 7KH EHVW SHUIRUPDQFH LV IRU  %57 DQG
3(56,$11 ZKLOH WKH 32'LV ORZ IRU &0253+:LWK D WROHUDQFHRI
GD\VWKH32'IRU WKHEHVW57EDVHGVLPXODWLRQVLVDQGWKH)$5
EHORZ
DQRWKHUGXHWR DFKDQJHLQ RQHRIWKHUDLQIDOODOJRULWKPSDUDPHWHUV
IRU LQVWDQFHLWPD\ OHDG WRDQ HUURQHRXVGHWHFWLRQRIWKH ÀRRGULVN EH
FDXVH DQ DQRPDO\DSSHDUVLQWKHVHULHV )LJDQDO\VHVWKH LQWHUDQQXDO
YDULDELOLW\RI WKHSHDNGLVFKDUJH¿UVWÀRRGDQGWKHFRQVLVWHQF\EH
WZHHQWKHVLPXODWLRQVDQGWKHREVHUYDWLRQV:H IRFXV RQ WKHUHODWLYH
YDULDWLRQ7RGR VR WKHVHULHVRI LH –DQQXDOPD[LPXP
GLVFKDUJHVDUH VWDQGDUGL]HGLHVXEWUDFWLRQRI WKHLQWHUDQQXDOPHDQ
DQGGLYLVLRQE\ WKHVWDQGDUG GHYLDWLRQDQGZH VWXG\WKHSRVLWLYHRU
QHJDWLYH DQRPDOLHV IRU DQ\YDULDEOH[GH¿QHGRYHUWKHSHULRGDV D
WLPH VHULHVRI REVHUYHG[LWKHDQRPDO\RI [ IRU D JLYHQK\GURORJLFDO
\HDU LLV
[Lí[L$ [L ı[L
ZKHUH[L LVWKHLQWHUDQQXDOPHDQDQGı[LLVWKHVWDQGDUG GHYLDWLRQRI
WKHPHPEHUVDPSOHRI[
7KH FRUUHODWLRQVEHWZHHQWKH VHULHVRIVLPXODWHGDQG REVHUYHGSHDN
GLVFKDUJHDQRPDOLHVDUHLQGLFDWHGRQ HDFK SORW LQ )LJ *LYHQWKH
VPDOOQXPEHURISRLQWVDQGWKHIDFW WKDWWKHK\GURORJLFDOUHVSRQVH WR
UDLQIDOOLVQRQOLQHDUZH FDOFXODWHGERWK WKHFODVVLFDO3HDUVRQ
VOLQHDU
FRUUHODWLRQFRHI¿FLHQW3HDUVRQDQG WKH 6SHDUPDQ
VUDQN FRUUHOD
WLRQ FRHI¿FLHQW 6SHDUPDQ 7R YHULI\ WKH VLJQL¿FDQFHRI WKH
DJUHHPHQW EHWZHHQ VHULHV DQG WKH GLIIHUHQFHVEHWZHHQ SURGXFWV
WKHVH FRUUHODWLRQVZHUH UHFDOFXODWHG WLPHVE\ RPLWWLQJHDFK\HDU
LQ WXUQ7KH FRUUHODWLRQVGURSVOLJKWO\ZKHQLVRPLWWHGWKHUHLVD
PHDQ GHFUHDVHRI IRU ERWK FRHI¿FLHQWVEXW WKH WHQGHQFLHV RE
VHUYHGDUHRWKHUZLVH YHU\ VWDEOH )RU WKH VHULHVXVHG LQ )LJ WKH
YDOXHRIWKHVLPXODWHGSHDNGLVFKDUJHRQ D JLYHQ\HDULV WDNHQRQ WKH
GDWHRIWKHREVHUYHGSHDN+RZHYHUWKHUHVXOWVDUH YHU\ VLPLODULIWKH
GLVFKDUJHDQRPDO\LVFDOFXODWHGIRU HDFKVHULHVRQ WKHGD\ RIWKHLUUHO
DWLYHPD[LPXP)RUWKH ODWWHUQRW VKRZQWKHFRUUHODWLRQVDUH VOLJKWO\
KLJKHUWKDQLQ )LJ IRU %57&0253+ 5)(DQG&3& DQGVOLJKWO\
ORZHUIRU %Y 3(56,$117KH UHODWLYHPHULWVRI WKHSURGXFWV VWD\
WKH VDPH
7KH DJUHHPHQWEHWZHHQ WKH VLPXODWHGDQG REVHUYHGGLVFKDUJH
SHDNDQRPDOLHV LV JRRGIRU PRVWVLPXODWLRQV7KH RQO\ H[FHSWLRQLV
&0253+DQGWKLVLV LQ GLUHFWUHODWLRQZLWKWKH\HDUWR\HDUYDULDELO
LW\ RI WKHSURGXFWELDV PHQWLRQHGLQ 6HFWLRQ 7KH EHVWDJUHHPHQW
LVEHWZHHQ WKH %Y IRUFHGVLPXODWLRQ DQG WKH REVHUYDWLRQV
,QWHUDQQXDOYDULDELOLW\
7KHSUHYLRXVVHFWLRQVKDYH HVWDEOLVKHGWKDWWKH VDWHOOLWHEDVHGVLPX
ODWLRQVKDYH VRPH VNLOO LQ SUHGLFWLQJÀRRGV HYHQ LI WKHSURGXFWKDV
ELDVHVDV ORQJ DV WKHDQDO\VLVLV EDVHGRQ D UHODWLYHOHYHO SHUFHQWLOH
UDWKHUWKDQWKHDEVROXWHOHYHO $QLPSRUWDQW FRQVLGHUDWLRQ KRZHYHU LV
WKH VWDELOLW\RIWKHUDLQ SURGXFWVSHUIRUPDQFHRYHU WKH\HDUV XVHG WRFDO
FXODWHWKHSHUFHQWLOHV,IWKHELDV FKDQJHVGUDVWLFDOO\IURPRQH \HDUWR
7DEOH 
)DOVHDODUPUDWH)$5DQG)$5ZLWKGLIIHUHQWWHPSRUDOWROHUDQFHZLQGRZV  DQG
GD\V
7DEOH
3UREDELOLW\RIGHWHFWLRQ 32'DQG32'ZLWKGLIIHUHQWWHPSRUDOWROHUDQFHZLQGRZVSOXV
RU PLQXV  DQG GD\V
32' :LQGRZGD\  GD\V GD\V GD\V )$5 :LQGRZ GD\ GD\V  GD\V  GD\V
&3&
5)(
%Y
%57
&0253+
3(56,$11
%57DGM%
&0253+ DGM%
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)LJ)RUHDFKWHVWHGUDLQIDOOSURGXFWDQGWKHFRUUHFWHGYHUVLRQRI WKH57SURGXFWVVFDWWHUSORWVRI WKHDQRPDO\LQ WKHVLPXODWHGSHDNGLVFKDUJHYHUVXVWKHDQRPDO\LQ WKHREVHUYHG
SHDNGLVFKDUJH7KH ODVWGLJLWVRI WKH\HDU DUHLQGLFDWHG IRUHDFKGRW LH  
FRUUHODWLRQDERYH 7KLV FDQ EH DWWULEXWHGWRWKHIDFW WKDWWKLV
SURGXFW LV JDXJH ELDVDGMXVWHGDQG LWDOVR SHUIRUPVZHOO LQ WHUPV
RI LQWHQVLW\VSDFH DQG WLPH GLVWULEXWLRQ RI WKH UDLQIDOOSDWWHUQV
*XLOORWHDXHW DO DFFHSWHG IRU SXEOLFDWLRQ 7KH VHFRQGEHVW LV WKH
VLPXODWLRQEDVHG RQ WKH&3&SURGXFWGHVSLWH WKH ORZQXPEHURI
JDXJHVDYDLODEOH FORVHO\IROORZHGE\ WKH%57VLPXODWLRQ ,W LV
QRWHZRUWK\WKDW WKHUHVXOWVDUH QRWLPSURYHGDQGHYHQ VOLJKWO\GH
JUDGHGZKHQXVLQJ WKH ELDVDGMXVWHG UDLQIDOOSURGXFWV$JDLQ LW
FRPHV IURP WKH XVH RIWKH UHODWLYH YDULDWLRQV RIWKH GLVFKDUJH
ZKLFK SURYLGH D XVHIXO LQIRUPDWLRQ HYHQ LQ FDVHRI VWURQJELDVLQ
WKHUDLQIRUFLQJDV ORQJ DV WKHODWWHULV VWHDG\RYHUWKH\HDUV
7KHYDULRXVDQDO\VLVIURP 6HFWLRQ VXJJHVWWKDWZKHQXVLQJ 57UDLQ
IDOO SURGXFWVWKDWKDYHSRVLWLYHELDVHVDQDO\]LQJWKH PRGHORXWSXW LQ
UHODWLYHWHUPV SHUFHQWLOH DQRPDO\SURYLGHVVOLJKWO\PRUH VNLOO WKDQ
ELDVDGMXVWLQJWKHSURGXFWVWKHPVHOYHV7KLVUHVXOWLVPRGHOGHSHQGDQW
$K\GURORJLFDOPRGHOZLWK¿QHU UHVROXWLRQDQGD GLIIHUHQWUHSUHVHQWD
WLRQRI WKHUDLQIDOOUXQRIIUHODWLRQPD\OHDGWRD GLIIHUHQWFRQFOXVLRQ
$OVR WKH ELDVDGMXVWPHQW WHFKQLTXH WHVWHG KHUH LV YHU\ VLPSOH DQG
RWKHUPHWKRGVVKRXOGEH WHVWHG
GHPRQVWUDWHV WKHXVHIXOQHVVRIVWDWHRIWKH DUWUDLQIDOOSURGXFWVWRPRQ
LWRUWKHJHQHVLVRIWKHVHHYHQWVDQGSUHGLFWWKHLURFFXUUHQFH
7ZR FRQGLWLRQVDUH QHFHVVDU\WR SUHGLFWÀRRGVZLWKD K\GURORJLFDO
PRGHOIRUFHGZLWKD UDLQIDOOVDWHOOLWHSURGXFWL WKHSURGXFWPXVWGH
WHFWWKHUHODWLYHO\KLJK UDLQIDOODFFXPXODWLRQVWKDW OHDG WR ÀRRGLQJDQG
LLWKHPRGHOPXVWEH DEOH WR WUDQVIRUPWKH UDLQIDOOH[FHVVLQWRD GLV
FKDUJHH[FHHGLQJD FULWLFDO OHYHO 7KH FULWLFDO OHYHO PD\ EH DEVROXWHRU
UHODWLYH
,Q WKLVVWXG\WKHODUJH VFDOH ,6%$75,3/60URXWLQJPRGHOZRUNLQJ
DWDUHODWLYHO\FRDUVHVSDWLDOUHVROXWLRQLVXVHG ZLWKQR FDOLEUDWLRQ
DGMXVWPHQW WR DFFRXQW IRU WKHK\GURORJLFDOVSHFL¿FLWLHV RI WKH1LJHU
ULJKWULP EDVLQV7KH PRGHOLV IRUFHGZLWKVL[ UDLQIDOO SURGXFWVWKUHH
RI WKHPLQJHVWUDLQJDXJHLQIRUPDWLRQDQGWKHWKUHHRWKHUVDUH EDVHG
RQ VDWHOOLWHLQIRUPDWLRQRQO\ 7KH FRPSDULVRQRI WKHUDLQIDOOSURGXFWV
RYHU WKH NP ODUJHVWXG\DUHD LQ WKH6DKHO UHYHDOVVRPHVXE
VWDQWLDO GLIIHUHQFHV7KH SURGXFWVEDVHGRQ VDWHOOLWHRQO\ – DQGZKLFK
DUH DYDLODEOHZLWKDVKRUWGHOD\ WKXVUHIHUUHGDV 57– KDYHDFRPPRQ
WHQGHQF\WR SURGXFHPRUH UDLQWKDQWKHJDXJHVDQG IRU 3(56,$11
PXFKPRUH7KHUDLQIDOOLQWHQVLW\GLVWULEXWLRQDQG WKHVSDWLDODQG WHP
SRUDOSDWWHUQVGLIIHUHYHQDPRQJWKHSURGXFWVWKDWLQJHVWJDXJHGDWD
DQGKDYHWKHVDPHVHDVRQDODFFXPXODWLRQV
7KH GLVFKDUJHVVLPXODWHGZLWKWKH SURGXFWVDV IRUFLQJKDYHEHHQ
FRPSDUHGZLWKWKHREVHUYDWLRQVDW WKH1LDPH\VWDWLRQ IRU WKHSHULRG
–$ELDVDGMXVWHGYHUVLRQRIWKH57SURGXFWVEDVHGRQDSURE
DELOLW\PDWFKLQJWHFKQLTXHZLWK%Y DVDUHIHUHQFHZDV DOVR WHVWHG
&RQFOXVLRQ
7KLVZRUNLVWKH¿UVWDQDO\VLVRIWKHUHFHQWHQKDQFHPHQWRI¿UVWRU
‘UHG’ ÀRRGVHYHQWVLQ1LDPH\EDVHGRQ VDWHOOLWHUDLQIDOOREVHUYDWLRQV,W
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• 7KH FRPSDULVRQRIWKHVLPXODWHGREVHUYHGGLVFKDUJHWLPHVHULHVUH
YHDOV DJRRGJOREDODJUHHPHQWRQWKHEDVLV RI WKH1DVK 6XWFOLII (I¿
FLHQF\RU 16(DERYHZKHQWKHPRGHOLV IRUFHG E\ DQ\RI WKH
SURGXFWV WKDW LQJHVW JDXJHV&3&5)(%Y 7KH 16(GURSV
ZKHQWKH57SURGXFWVDUH XVHGEHFDXVHRI WKH H[FHVV UDLQIDOO WKH\
JHQHUDWH7KH16( LV KLJK DERYH IRUWKH ELDVDGMXVWHG 57
SURGXFWV
IXWXUHLWFRXOG EHEDVHGRQKLJK UHVROXWLRQDOWLPHWU\ZLWKGDWDSURYLGHG
E\ WKHIXWXUH6:276XUIDFH:DWHU2FHDQ 7RSRJUDSK\ VDWHOOLWH 7KH
*OREDO 3UHFLSLWDWLRQ0LVVLRQ *30HUD ZLWKLWV HQKDQFHG VDPSOLQJRI
UDLQIDOOE\ DPLFURZDYH FRQVWHOODWLRQ +RXHW DO HVSHFLDOO\LQ
WKH7URSLFV WKDQNVWR 0HJKD7URSLTXHV&KDPERQHW DOLV H[
SHFWHGWR SURYLGH57UDLQIDOOSURGXFWVZLWKKLJKHUUHVROXWLRQDQG EHWWHU
DFFXUDF\7KHVH VKRXOGLPSURYHWKHVWXG\RI ‘ORFDO’ K\GURORJLFDOSKH
QRPHQDVXFKDV WKH1LDPH\¿UVWÀRRGRU RWKHUK\GURORJLFDOH[WUHPHV
7KH DELOLW\ RI WKH VLPXODWLRQV WRSUHGLFWWKHÀRRGULVNKDVEHHQ
DQDO\VHGZLWKVHYHUDOGLDJQRVWLFVDQGDWGLIIHUHQWVFDOHV $FNQRZOHGJHPHQWV
:HZDUPO\WKDQN/XF'HVFURL[IRUKLVDGYLFHVRQ WKLVZRUN DQG WKH
1LJHU %DVLQ $XWKRULW\$%1 IRU SURYLGLQJWKH1LJHU 5LYHU GLVFKDUJH
GDWD DQG IRU WKHLU FROODERUDWLRQ:H ZRXOG OLNH DOVR WRWKDQNDOO WKH
WHDPVWKDWSURYLGHGWKHYDULRXVUDLQIDOOGDWD VHWVRQOLQH7KLV ZRUNDV
EHHQ FRIXQGHG E\ WKH)UHQFK &HQWUH 1DWLRQDO G
(WXGHVVSDWLDOHV
&1(6DQGWKH0LGL3\UpQpHVUHJLRQ
• 7KHGHWHFWLRQRIWKHGLVFKDUJHUHDFKLQJDUHODWLYHWKUHVKROGKHUHWKH
SHUFHQWLOHLVDEHWWHU GLDJQRVWLFWKDQGHWHFWLQJWKHDEVROXWHOHYHO
PVí7KH IRUPHUGLDJQRVWLFUHGXFHVWKH LPSDFWRIWKHSURG
XFWV HUURU SURSDJDWLRQLQ WKH K\GURORJLFDOPRGHO:LWKWKH WHVWHG
SURGXFWVDQGPRGHOWKHDQDO\VLVRIWKHWKSHUFHQWLOHLV VXI¿FLHQW
DQG ELDVDGMXVWPHQWGRHV QRWSURYLGHDEHWWHUGLDJQRVWLFRIWKHÀRRG
• 7KH VLPXODWLRQVDUH DEOH WR GHWHFWWKH\HDUVZKHQDÀRRGRFFXUUHG
EXWVRPHRIWKLVVNLOO LVORVW LQ ZKHQWKH57SURGXFWDUH XQEL
DVHG7KH VLPXODWLRQVEDVHGRQ WKH57SURGXFWVGLDJQRVHÀRRGVLQ 
RIWKH ‘XQÀRRGHG’ \HDUV
• 7KH DELOLW\RIWKHVLPXODWLRQVWR GLDJQRVHWKDWDJLYHQGD\ LVRU QRW
ÀRRGHGZDV WHVWHGZLWKDQGZLWKRXWD WHPSRUDO WROHUDQFHZLQGRZ
7KH EHVW VFRUHVDUHREWDLQHGZLWK%YDQG&3&ZLWKD32'RI
)$5RIDQGZLWKD WROHUDQFHRI GD\VD 32'DERYH 
DQG)$5)RUWKH57SURGXFWVWKHEHVWUHVXOWVDUH REWDLQHG IRU
%57ZLWK32'DERYHDQG)$5EHORZZLWKDWROHUDQFHRI
GD\VWKHQ3(56,$11LVDOVR VDWLVIDFWRU\
• 7KH DJUHHPHQWEHWZHHQWKHVLPXODWLRQVDQGWKHREVHUYDWLRQVLQ GH
WHFWLQJWKHUHODWLYHDPSOLWXGHRIWKHDQQXDOSHDN GLVFKDUJHLQWHUDQ
QXDO DQRPDOLHVLVYHU\ JRRG FRUUHODWLRQDERYH IRU%Y IRU
&3& DQG%57— H[FHSWIRU &0253+ EHFDXVHRIWKH\HDU WR\HDU
YDULDELOLW\RILWVELDV
5HIHUHQFHV
$&7('2;)$0 5pSXEOLTXH GX 1LJHU81,&()  (QTXrWHDXSUqV GHV PpQDJHV
VLQLVWUpVSDUOHVLQRQGDWLRQVj 1LDPH\5pSXEOLTXHGX1LJHU
$OEHUJHO-6pFKHUHVVHGpVHUWL¿FDWLRQHWUHVVRXUFHVHQHDXGHVXUIDFH— DSSOLFDWLRQ
DX[SHWLWV EDVVLQVGX%XUNLQD)DVR 7KH ,QÀXHQFHRI&OLPDWH&KDQJHDQG&OLPDWLF9DU
LDELOLW\RQ WKH+\GURORJLF5HJLPHDQG:DWHU 5HVRXUFHV9DQFRXYHU,$+63XEOLFDWLRQ
SS–
$OL$$PDQL$'LHGKLRX$/HEHO 75DLQIDOOHVWLPDWLRQLQ WKH 6DKHO3DUW ,,HYDO
XDWLRQRI UDLQJDXJHQHWZRUNVLQWKH&,/66 FRXQWULHVDQGREMHFWLYHLQWHUFRPSDULVRQ
RI UDLQIDOOSURGXFWV-$SSO0HWHRURO–
$OSHUW37KHSDUDGR[LFDO LQFUHDVH RI0HGLWHUUDQHDQH[WUHPHGDLO\UDLQIDOOLQVSLWH
RI GHFUHDVHLQ WRWDOYDOXHV*HRSK\V5HV /HWW –
$PDQL$1JXHWRUD0 (YLGHQFHG
XQH PRGL¿FDWLRQGXUpJLPHK\GURORJLTXHGX
ÀHXYH1LJHUj1LDPH\WK )5,(1'— 5HJLRQDO+\GURORJ\%ULGJLQJWKH*DS EH
WZHHQ 5HVHDUFKDQG3UDFWLFH &DSH7RZQ 6RXWK$IULFD ,$+63XEOLFDWLRQ 
SS–
$PRJX2'HVFURL[/<pUR.6/H%UHWRQ(0DPDGRX,$OL$9LVFKHO7%DGHU-&
0RXVVD,%*DXWLHU(%RXENUDRXL6%HOOHXG\3,QFUHDVLQJULYHUÀRZVLQWKH
6DKHO":DWHU–KWWSG[GRLRUJZ
$QGHUVHQ ,'LRQH2 -DURVHZLFK+ROGHU02OLYU\-& 7KH1LJHU5LYHU%DVLQ$
9LVLRQIRU 6XVWDLQDEOH0DQDJHPHQW7KH,QWHUQDWLRQDO%DQN IRU 5HFRQVWUXFWLRQDQG
'HYHORSPHQW7KH:RUOG %DQN
$UWDQ**DGDLQ+6PLWK-/$VDQWH.%DQGDUDJRGD&-9HUGLQ-3$GHTXDF\
RI VDWHOOLWHGHULYHGUDLQIDOOGDWDIRUVWUHDPÀRZPRGHOLQJ1DW+D]DUGV  –
KWWSG[GRLRUJV
%HUQH$.UDMHZVNL:) 5DGDUIRUK\GURORJ\XQIXO¿OOHGSURPLVHRUXQUHFRJQL]HG
SRWHQWLDO"$GY :DWHU 5HVRXUKWWSG[GRLRUJMDGYZDWUHV
%LWHZ00 *HEUHPLFKDHO0(YDOXDWLRQRI VDWHOOLWHUDLQIDOOSURGXFWVWKURXJKK\
GURORJLFVLPXODWLRQ LQ D IXOO\ GLVWULEXWHG K\GURORJLFPRGHO:DWHU 5HVRXU5HV 
:KWWSG[GRLRUJ:5
%RRQH$&DOYHW-&1RLOKDQ- ,QFOXVLRQRI D WKLUGVRLO OD\HU LQD ODQGVXUIDFH
VFKHPHXVLQJWKHIRUFHUHVWRUHPHWKRG-$SSO0HWHRURO–
%ULTXHW -30DKp*%DPED)2OLYU\-&&KDQJHPHQWV FOLPDWLTXHVUHFHQWV HW
PRGL¿FDWLRQ GX UHJLPH K\GURORJLTXH GX ÀHXYH 1LJHU .RXOLNRUR 0DOL LQ
/’K\GURORJLH7URSLFDOH*pRVFLHQFHHW 2XWLO3RXU /H'pYHORSSHPHQW,$+6 38%/,&$
7,213DULVSS–
&KDPERQ35RFD 5-REDUG,$XEODQF-7$3((5%5$,1352'8&7DOJRULWKPWKH
RUHWLFDOEDVLVGRFXPHQW OHYHO0HJKD7URSLTXHV7HFKQLFDO0HPRUDQGXP
&KDPSHDX[-/0DVVRQ9&KDXYLQ)(&2&/,0$3D JOREDOGDWDEDVH RI ODQGVXU
IDFHSDUDPHWHUVDW NPUHVROXWLRQ0HWHRURO$SSO–KWWSG[GRLRUJ
6
&KRZ97+DQGERRNRI $SSOLHG+\GURORJ\0F*UDZ+LOO%RRN&RPSDQ\,QF 
6HFWLRQ 9,,,
'HFKDUPH%'RXYLOOH+,QWURGXFWLRQRI D VXEJULGK\GURORJ\LQ WKH,6%$ODQG
VXUIDFHPRGHO&OLP'\Q–KWWSG[GRLRUJV
'HFKDUPH%'RXYLOOH+%RRQH$+DEHWV)1RLOKDQ-,PSDFWRIDQ H[SRQHQWLDO
SUR¿OHRIVDWXUDWHGK\GUDXOLFFRQGXFWLYLW\ZLWKLQWKH,6%$/60VLPXODWLRQVRYHUWKH
5K{QHEDVLQ-+\GURPHWHRURO –
'HFKDUPH%'RXYLOOH+3ULJHQW&3DSD)$LUHV)$QHZULYHUÀRRGLQJVFKHPH
IRUJOREDOFOLPDWH DSSOLFDWLRQV RIIOLQHHYDOXDWLRQ RYHU 6RXWK$PHULFD-*HRSK\V
5HV 'KWWSG[GRLRUJ-'
'HFKDUPH%$ONDPD5'RXYLOOH+%HFNHU0&D]HQDYH$*OREDOHYDOXDWLRQ RI
WKH,6%$75,3FRQWLQHQWDO K\GURORJLFDOV\VWHP3DUW ,,XQFHUWDLQWLHVLQ ULYHUURXWLQJ
VLPXODWLRQUHODWHGWRÀRZYHORFLW\DQGJURXQGZDWHU VWRUDJH-+\GURPHWHRURO 
–KWWSG[GRLRUJ-+0
'HFKDUPH%$ONDPD53DSD))DURX[6'RXYLOOH+3ULJHQW&*OREDORIIOLQH
HYDOXDWLRQRIWKH,6%$75,3ÀRRGPRGHO&OLP '\Q  –KWWSG[GRLRUJ
V
'HVFURL[/0DKp*/HEHO 7)DYUHDX**DOOH6*DXWLHU(2OLYU\-&$OEHUJHO-
$PRJX2 &DSSHODHUH %'HVVRXDVVL5'LHGKLRX$/H%UHWRQ(0DPDGRX,
6LJKRPQRX'6SDWLRWHPSRUDOYDULDELOLW\RI K\GURORJLFDOUHJLPHVDURXQG
7KHVHUHVXOWVGHPRQVWUDWHWKDWWKHVWDWHRIWKHDUW VDWHOOLWHUDLQIDOO
SURGXFWV– HYHQ57LIXVHGZLWKFDXWLRQ– FDQ EH TXDQWLWDWLYHO\XVHIXO
IRU GLDJQRVLQJWKHÀRRGULVN LQ 1LDPH\7KH ZRUNDOVR KLJKOLJKWVWKH
EHQH¿WRI UDLQIDOOHVWLPDWRUVZLWK VWDEOHSHUIRUPDQFHVRYHUWKH\HDUV
IRU K\GURORJLFDODSSOLFDWLRQVRU DQ\ HDUO\ ZDUQLQJV\VWHP(YHQ WKRXJK
57SURGXFWVDUH QRWPHDQWIRU VWXG\LQJLQWHUDQQXDO YDULDELOLW\SURG
XFWVWKDWFRPELQHPRUHLQIRUPDWLRQDUH EHWWHUVXLWHGIURP DFOLPDWRORJ
LFDO YLHZSRLQWWKHLUXVH LQ DQ HDUO\ZDUQLQJV\VWHPUHTXLUHVVWHDG\
VWDWLVWLFVLQRUGHUWRGHWHFWH[WUHPHHYHQWV
$GHHSHU DQDO\VLVRI WKH K\GURORJLFDOSURFHVVHVLV QHHGHGWRIXUWKHU
LPSURYHWKHK\GURORJLFDOPRGHOOLQJ DQGIXOO\ H[SORLWWKH VSDWLDODQG
WHPSRUDO LQIRUPDWLRQSURYLGHGE\ WKHVDWHOOLWH UDLQIDOOSURGXFWV0RUH
ZRUNLVSODQQHGWRVWXG\WKHVHQVLWLYLW\RIWKHSUHGLFWLRQFKDLQWRYDUL
RXV SDUDPHWHUV WKHPRGHOVSDWLDOUHVROXWLRQWKHVRLO LQ¿OWUDWLRQSURS
HUWLHV— ZKLFKKDYHEHHQVKRZQWRYDU\ LQ WKH UHFHQW\HDUV EHFDXVH
RI FKDQJHV LQWKH ODQG XVH $OEHUJHO $PDQL DQG 1JXHWRUD
0DKpHWDO/HEODQF HW DO0DKpDQG3DWXUHO
$PRJXHWDO*DUGHOOHHW DO'HVFURL[HW DO
WKHSDUDPHWHUL]DWLRQRIWKHUXQRIISURGXFWLRQDQGWKHQHHGWR
EHWWHUDFFRXQW IRU WKH+RUWRQLDQ QDWXUHRIUXQRIIRYHU WKLV DUHD
'HVFURL[HW DO$PRJXHWDO7HVWLQJRWKHUK\GUR
ORJLFDOPRGHOV LV DOVR XQGHU FRQVLGHUDWLRQ)XWXUHGHYHORSPHQW ZLOO
DOVR LQFOXGHZRUNLQJZLWKHQVHPEOHLQSXWVLQ RUGHUWRDFFRXQWIRU XQ
FHUWDLQWLHVLQ WKHUDLQIRUFLQJ+RVVDLQHW DO+RQJ HW DO
0RUDGNKDQLHWDO
7KHVH UHVXOWVVKRZWKDWDSUHGLFWLRQWRROEDVHGRQ PRQLWRULQJERWK
LWKHHDUO\ULVH LQ WKHVORZYDULDWLRQRI WKH1LJHU RXWÀRZXSVWUHDP
1LDPH\DQGLLWKH‘ORFDO’ UDLQIDOOWKDW FDXVH WKHUDSLGULVH RIWKH¿UVW
SHDN ZRXOG LPSURYHWKH RSHUDWLRQDOPRQLWRULQJRI WKH1LJHU5LYHU
ÀRRGVLQ 1LDPH\0RQLWRULQJWKHRXWÀRZ EHIRUH1LDPH\LV FXUUHQWO\
DFKLHYHGE\ WKH1LJHU %DVLQ $XWKRULW\$%1E\LQ VLWXJDXJLQJLQ WKH
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WKHERXQGDULHVEHWZHHQ6DKHOLDQDQG6XGDQLDQDUHDVRI :HVW $IULFD$V\QWKHVLV
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'HVFURL[/*HQWKRQ3$PRJX25DMRW-/6LJKRPQRX'9DXFOLQ0&KDQJH
LQ 6DKHOLDQ5LYHUVK\GURJUDSKWKHFDVHRI UHFHQWUHGÀRRGVRI WKH 1LJHU5LYHULQWKH
1LDPH\ UHJLRQ *ORE  3ODQHW &KDQJ – – KWWSG[GRLRUJM
JORSODFKD
)HUU\O0XWKHU1 &RXOLEDO\1 0DUWLQ'0LHWWRQ0 &LVVp&RXOLEDO\<2OLYU\-&
3DWXUHO-(%DUU\0$<pQD0/HÀHXYH1LJHUGHOD IRUrWWURSLFDOHJXLQpHQQH
DXGpVHUWVDKDULHQ— /HVJUDQGVWUDLWVGHVUpJLPHVK\GURORJLTXHV,5'81(6&2
*DUGHOOH-+LHUQDX[3.HUJRDW/*ULSSD0 /HVV UDLQPRUHZDWHU LQ SRQGVD
UHPRWHVHQVLQJVWXG\RI WKHG\QDPLFVRI VXUIDFHZDWHUVIURPWRSUHVHQW LQSDV
WRUDO 6DKHO*RXUPD UHJLRQ0DOL+\GURO(DUWK6\VW6FL–
*LRUJL),P (6&RSSROD('LIIHQEDXJK16*DR ;-0DULRWWL/6KL <+LJKHU
K\GURFOLPDWLFLQWHQVLW\ZLWK JOREDOZDUPLQJ - &OLP–KWWSG[GRL
RUJ-&/,
*RVVHW09LDUUH-4XDQWLQ*$OFRED0 (YDOXDWLRQRI VHYHUDO UDLQIDOOSURGXFWV
XVHGIRUK\GURORJLFDODSSOLFDWLRQVRYHU:HVW$IULFDXVLQJWZRKLJKUHVROXWLRQJDXJH
QHWZRUNV4-50HWHRURO6RF –KWWSG[GRLRUJTM
*UD\ '0 0DQXHOGHVSULQFLSHVG
K\GURORJLH&RPLWpQDWLRQDO FDQDGLHQGHOD
GHFHQQLDK\GURORJLTXHLQWHUQDWLRQQDOH2WWDZD&DQDGD&KDSLWUH9,,
*XLOORWHDX&*RVVHW09LJQROOHV&$OFRED07RXUUH</DFDX[-3,PSDFWVRI
6DWHOOLWH%DVHG5DLQIDOO3URGXFWV RQ 3UHGLFWLQJ 6SDWLDO3DWWHUQV RI 5LIW 9DOOH\ )HYHU
9HFWRUV-+\GURPHWHRU –KWWSG[GRLRUJ-+0'
+DELE((O6DDGDQL0+DLOH$7&OLPDWRORJ\IRFXVHGHYDOXDWLRQRI&0253+ DQG
703$ VDWHOOLWHUDLQIDOOSURGXFWVRYHUWKH1LOH%DVLQ -$SSO0HWHRURO &OLPDWRO
–KWWSG[GRLRUJ-$0&'
+HUPDQ$.XPDU9%$UNLQ3$.RXVN\-92EMHFWLYHO\GHWHUPLQHGGD\
$IULFDQUDLQIDOOHVWLPDWHV FUHDWHG IRUIDPLQHHDUO\ZDUQLQJ ,QW-5HPRWH 6HQV
–KWWSG[GRLRUJ
+HUPDQFH-) 6XOLHPDQ+0 &RPSDULQJVDWHOOLWH5)(GDWDZLWKVXUIDFHJDXJHV
IRU H[WUHPH VWRUPV LQ$IULFDQ (DVW 6DKHO 5HPRWH6HQV /HWW–
KWWSG[GRLRUJ;
+RQJ<+VX.0RUDGNKDQL+ 6RURRVKLDQ68QFHUWDLQW\TXDQWL¿FDWLRQ RI VDW
HOOLWHSUHFLSLWDWLRQHVWLPDWLRQ DQG0RQWH&DUORDVVHVVPHQWRI WKHHUURUSURSDJDWLRQ
LQWR K\GURORJLFUHVSRQVH HUURU SURSDJDWLRQ IURPVDWHOOLWH UDLQIDOO:DWHU 5HVRXU
5HV :KWWSG[GRLRUJ:5
+RVVDLQ)$QDJQRVWRX(1'LQNX7%RUJD0+\GURORJLFDOPRGHOVHQVLWLYLW\ WR
SDUDPHWHU DQGUDGDU UDLQIDOOHVWLPDWLRQXQFHUWDLQW\+\GURO3URFHVV  –
KWWSG[GRLRUJK\S
+RX$+.DNDU5.1HHFN6$]DUEDU]LQ$$.XPPHURZ&'.RMLPD0 2NL 5
1DNDPXUD.,JXFKL77KH*OREDO3UHFLSLWDWLRQ0HDVXUHPHQW*300LVVLRQ
%XOO $P 0HWHRURO6RF KWWSG[GRLRUJ%$06'H9LHZ
+XIIPDQ*-%ROYLQ'71HONLQ(-:ROII'%$GOHU5)*X *+RQJ<%RZPDQ
.3 6WRFNHU() 7KH 7500 0XOWLVDWHOOLWH3UHFLSLWDWLRQ$QDO\VLV703$
TXDVLJOREDOPXOWL\HDUFRPELQHGVHQVRUSUHFLSLWDWLRQ HVWLPDWHV DW ¿QH VFDOHV
-+\GURPHWHRURO –KWWSG[GRLRUJ-+0
+XJKHV'$&RPSDULVRQRI VDWHOOLWHUDLQIDOOGDWDZLWKREVHUYDWLRQVIURPJDXJLQJ
VWDWLRQQHWZRUNV-+\GURO–KWWSG[GRLRUJMMK\GURO

-REDUG ,&KRSLQ)%HUJHV-&5RFD5$Q LQWHUFRPSDULVRQRI GD\VDWHOOLWH
SUHFLSLWDWLRQ SURGXFWV GXULQJ:HVW$IULFDQ PRQVRRQ,QW-5HPRWH6HQV 
–KWWSG[GRLRUJ
-R\FH 5--DQRZLDN-($UNLQ3$;LH3&0253+DPHWKRGWKDWSURGXFHVJOREDO
SUHFLSLWDWLRQHVWLPDWHVIURPSDVVLYHPLFURZDYHDQGLQIUDUHGGDWDDWKLJKVSDWLDODQG
WHPSRUDOUHVROXWLRQ-+\GURPHWHRURO–
.UDXVH3%R\OH '3%lVH )&RPSDULVRQRI GLIIHUHQW HI¿FLHQF\FULWHULD IRUK\GUR
ORJLFDOPRGHO DVVHVVPHQW$GY*HRVFL –
/HEHO 73DUNHU'-)ODPDQW&%RXUOHV %0DUWLFRUHQD0 0RXJLQ(3HXJHRW&
'LHGKLRX $+D\ZRRG -01JDPLQL-%3ROFKHU-5HGHOVSHUJHU -/ 7KRUQFURIW
&'7KH$00$ ¿HOGFDPSDLJQVPXOWLVFDOHDQG0XOWLGLVFLSOLQDU\REVHUYD
WLRQV LQWKH :HVW $IULFDEUHJLRQ4-50HWHRURO6RF 6–KWWSG[GRL
RUJTM
/HEODQF0-)DYUHDX*0DVVXHO67ZHHG62/RLUHDX0 &DSSHODHUH%/DQG
FOHDUDQFHDQGK\GURORJLFDOFKDQJHLQ WKH6DKHO6: 1LJHU*ORE3ODQHW&KDQJ
–KWWSG[GRLRUJMJORSODFKD
0DKp*3DWXUHO-(–6DKHOLDQDQQXDOUDLQIDOOYDULDELOLW\DQGUXQRIILQ
FUHDVHRI 6DKHOLDQ5LYHUV&RPSW5HQGXV*HRVFL–KWWSG[GRLRUJ
MFUWH
0DKp*/HGXF&$PDQL$3DWXUHO -(*LUDUG66HUYDW('H]HWWHU$$XJ
PHQWDWLRQ UpFHQWHGXUXLVVHOOHPHQWGHVXUIDFHHQUpJLRQVRXGDQRVDKpOLHQQH HW LP
SDFWVXU OHV UHVVRXUFHVHQHDX LQK\GURORJ\RI WKH0HGLWHUUDQHDQDQG6HPLDULG
5HJLRQ0RQWSHOOLHU,$+63XEO–
0DKp*3DWXUHO-(6HUYDW(&RQZD\''H]HWWHU$7KHLPSDFWRI ODQGXVH
FKDQJHRQ VRLOZDWHUKROGLQJFDSDFLW\DQGULYHUÀRZPRGHOOLQJLQWKH1DNDPEH
5LYHU%XUNLQD)DVR - +\GURO–KWWSG[GRLRUJMMK\GURO

0DKp*%DPED)6RXPDJXHO$2UDQJH'2OLYU\-&:DWHUORVVHVLQ WKHLQQHU
GHOWD RIWKH5LYHU1LJHU 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&HFKDSLWUHPHWHQpYLGHQFHOHSRWHQWLHOGHVHVWLPDWLRQVGHVSUpFLSLWDWLRQVVDWHOOLWHVSRXUOD
PRGpOLVDWLRQGXGpELWGHODFUXH5RXJHj1LDPH\HWODGpWHFWLRQGHVLQRQGDWLRQVVXUODSpULRGH

'¶XQHSDUWOHVSURGXLWVQHSUpVHQWHQWSDVWRXVOHVPrPHVFXPXOVGHSUpFLSLWDWLRQ/HVSURGXLWV
G¶HVWLPDWLRQGLWWHPSVUpHO%57&0253+3(56,$11TXLQ¶LQWqJUHQWTXHGHVLQIRUPDWLRQV
VDWHOOLWHVRQWWHQGDQFHjVXUHVWLPHUOHVFXPXOVGHSOXLHV3DUFRQVpTXHQWFHVSURGXLWVHQJHQGUHQW
XQELDLVSRVLWLIGDQVOHVVLPXODWLRQV/HXUGpELDLVDJHSDUODPpWKRGHG¶©KLVWRJUDPPDWFKLQJª
SHUPHWGHUpGXLUHFHELDLVHWG¶DPpOLRUHUOHVVFRUHVDYHFXQ16(GH0DLVOHGpELDLVDJHFRPSRUWH
GHVODFXQHVHWHQWUDLQHGHVVRXVHVWLPDWLRQVGXGpELWHQSDUWLFXOLHUFRQFHUQDQWOHVSLFVGHGpELWGH
ODFUXH5RXJH/HVVLPXODWLRQVEDVpHVVXUGHVSURGXLWVLQWpJUDQWGHVGRQQpHVLVVXHVGHSOXYLRPqWUHV
&3&%YHW5)(SUpVHQWHQWOHVPHLOOHXUVVFRUHVDYHFGHV16(VXSpULHXUVj
'¶DXWUH SDUW PrPH GHV SURGXLWV SUpVHQWDQW GHV FXPXOV pTXLYDOHQWV GLVWULEXHQW OHV
SUpFLSLWDWLRQV GLIIpUHPPHQW VSDWLRWHPSRUHOOHPHQW HW HQ LQWHQVLWp &HV GLIIpUHQFHV LPSDFWHQW GH
PDQLqUHVLJQLILFDWLYHODVLPXODWLRQ/HVSURGXLWVOLVVDQWOHVSUpFLSLWDWLRQV5)(DYHFSOXVGHMRXUV
SOXYLHX[VSDWLDOHPHQWpWHQGXVPDLVSHXLQWHQVHVWHQGHQWjVRXVHVWLPHUOHGpELWVLPXOp$ORUVTXH
OHVSURGXLWVFRQFHQWUDQWSOXVOHVSUpFLSLWDWLRQVDYHFPRLQVGHMRXUVSOXYLHX[PDLVGHVSUpFLSLWDWLRQV
LQWHQVHVHWSOXVORFDOLVpHV%YSHUPHWWHQWXQHPHLOOHXUHVLPXODWLRQGHODG\QDPLTXHHWGHVSLFV
GHODFUXH5RXJH,OHVWWRXWHIRLVLPSRUWDQWGHUDSSHOHUTXHODPRGpOLVDWLRQK\GURORJLTXHHVWVHQVLEOH
DXFKRL[GHODPpWKRGHGHGpVDJUpJDWLRQFKRLVLHSRXUFKDQJHUG¶pFKHOOHHQWUHOHSURGXLWG¶HVWLPDWLRQ
GHVSUpFLSLWDWLRQVHWOHIRUoDJHGXPRGqOHFKDSLWUH(QHIIHWXQHGLVWULEXWLRQXQLIRUPHG¶XQHSOXLH
MRXUQDOLqUHSRXUFKDTXHSDVGHWHPSVWULKRUDLUHG¶XQHMRXUQpHHQJHQGUHXQOLVVDJHGXFKDPSGH
SOXLH'DQVFHWWHpWXGHPHQpHDXGpEXWGHV WUDYDX[GH WKqVH OHVSURGXLWVGLVSRQLEOHVj O¶pFKHOOH
MRXUQDOLqUH &3&HW5)(VRQWGpVDJUpJpVGHPDQLqUHXQLIRUPHVXU OD MRXUQpHH[DFHUEDQW OHXU
WHQGDQFHDXOLVVDJHHQSDUWLFXOLHUSRXUOHSOXVOLVVDQW5)(FIFKDSLWUH$YHFXQHPpWKRGHGH
GpVDJUpJDWLRQWHPSRUHOOHQRQXQLIRUPHOHGpELWVLPXOpDXJPHQWHDPpOLRUDQWOHVVLPXODWLRQVDYHF
5)(HWFUpDQWGHVVXUHVWLPDWLRQVSRXU&3&FKDSLWUHHW
(QILQO¶DQDO\VHGHODGpWHFWLRQGHVLQRQGDWLRQVHVWPHQpHjGLIIpUHQWHVpFKHOOHVWHPSRUHOOHV
DQQXHOOHHW MRXUQDOLqUHHWjSDUWLUGHVHXLOVDEVROXRXUHODWLI/HVUpVXOWDWVPRQWUHQWXQPHLOOHXU
GLDJQRVWLFjSDUWLUGXVHXLOUHODWLIFHQWLOHFRUUHVSRQGDQWDXVHXLOGHVLQRQGDWLRQVPVGH
OD VpULHREVHUYpHGXGpELWGH1LDPH\ HQWUHHW&HVHXLO UHODWLISHUPHWGHGLPLQXHU OHV
IDXVVHVDODUPHVREWHQXHVDYHFO¶DSSOLFDWLRQGXVHXLODEVROX,FLHQFRUH OHVSURGXLWV LQWpJUDQWGHV
GRQQpHVLQVLWXSUpVHQWHQWOHVPHLOOHXUVUpVXOWDWV$YHFOHVHXLODEVROXOHVSURGXLWVWHPSVUpHOVRQW
V\VWpPDWLTXHPHQW HQ IDXVVH DODUPH OHXU GpELDLVDJH SHUPHW GH OLPLWHU FHV IDXVVHV DODUPHV PDLV
HQJHQGUHGHVFDVGHQRQGpWHFWLRQ/¶DSSURFKHSDUVHXLOUHODWLIVDQVGpELDVDJHSHUPHWO¶REWHQWLRQGH
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PHLOOHXUVUpVXOWDWV/DSUREDELOLWpGHGpWHFWLRQMRXUQDOLqUHHVWGHSRXUOHVPHLOOHXUHVVLPXODWLRQV
%YHW&3&HWDXJPHQWHMXVTX¶jDYHFXQHWROpUDQFHGHMRXUV/HVSURGXLWVWHPSVUpHO
QpFHVVLWHQWXQHWROpUDQFHGHMRXUVSRXUREWHQLUGHWHOVVFRUHV(QSOXVGHVHUUHXUVHWLQFHUWLWXGHV
DVVRFLpHV DX[ HVWLPDWLRQV GHV SUpFLSLWDWLRQV XQH SDUW GHV HUUHXUV GH GpWHFWLRQ GHV LQRQGDWLRQV
IDXVVHVDODUPHVHWQRQGpWHFWLRQSHXWrWUHDWWULEXpHjODPRGpOLVDWLRQDYHF,6%$75,3,OIDXWGRQF
JDUGHUjO¶HVSULWTXHOHVERQQHVSHUIRUPDQFHVGHFHUWDLQVSURGXLWVFRPPH%YSHXYHQWYHQLUGH
OHXUPHLOOHXUHUHSUpVHQWDWLRQGHV0&6VDKpOLHQPDLVDXVVLGHOHXUVIRUWHVLQWHQVLWpVTXLFRPSHQVHQW
ODPDXYDLVHUHSUpVHQWDWLRQGHVSURFHVVXVGHUXLVVHOOHPHQWFKDSLWUH/HSHUIHFWLRQQHPHQWGHOD
PRGpOLVDWLRQ DYHF XQ PRGqOH FRQVDFUp j O¶K\GURORJLH GX EDVVLQ GH ELHI SRXUUDLW DPpOLRUHU OHV
SHUIRUPDQFHVGHGpWHFWLRQGHVFUXHVDVVRFLpHVDX[GLIIpUHQWVIRUoDJHVSOXYLRPpWULTXHV
&H FKDSLWUH DPLV HQ pYLGHQFH G¶XQH SDUW OH SRWHQWLHO GH ODPRGpOLVDWLRQ ,6%$75,3SRXU
VLPXOHU OD FUXH 5RXJH GH1LDPH\ HW G¶DXWUH SDUW OH SRWHQWLHO GHV SURGXLWV VDWHOOLWHV HQ WDQW TXH
IRUoDJHSOXYLRPpWULTXH/HGpELDLVDJHGHVSURGXLWVWHPSVUpHOSHXWrWUHUHPSODFpSDUXQHDQDO\VH
UHODWLYHGHVUpVXOWDWVGHPRGpOLVDWLRQ8QUHJDUGDWWHQWLIGRLWrWUHSRUWpVXUOHVFDUDFWpULVWLTXHVGHV
SUpFLSLWDWLRQVHVWLPpHVSDU OHVSURGXLWVPrPHVL OHVFXPXOV VRQW VDWLVIDLVDQWV ODGLVWULEXWLRQGHV
SUpFLSLWDWLRQVHVWDXVVLXQHGHVFOHIVGHODERQQHVLPXODWLRQGHVGpELWV
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

Chapitre 6 Apport hydrologique du produit TAPEER de 
Megha-Tropiques et de son modèle d’erreur



DUpFHQWHPLVVLRQIUDQFRLQGLHQQH0HJKD7URSLTXHV07PHPEUHGHODFRQVWHOODWLRQ
*30YLVHjDPpOLRUHUO¶pFKDQWLOORQQDJHGHVPHVXUHVVDWHOOLWHVHQUpJLRQWURSLFDOHSRXU
XQH PHLOOHXUH FRPSUpKHQVLRQ GHV F\FOHV GH O¶HDX HW GH O¶pQHUJLH GH O¶DWPRVSKqUH /H SURGXLW
G¶HVWLPDWLRQGHVSUpFLSLWDWLRQV7$3((5)LJXUHDpWpGpYHORSSpGDQVOHFDGUHGHFHWWHPLVVLRQ
HWpODUJLWOHVSHFWUHGHVSURGXLWVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQV&RPPHSUpVHQWpGDQVOHFKDSLWUH
O¶DOJRULWKPH7$3((5FRPELQH OHVPHVXUHV GHV UDGLRPqWUHV02HPEDUTXpV VXU07 6$3+,5 j
FHOOHV G¶DXWUHV VDWHOOLWHV PHPEUHV GH OD FRQVWHOODWLRQ *30 HW DX[ PHVXUHV ,5 GHV VDWHOOLWHV
JpRVWDWLRQQDLUHV 7$3((5 HVW XQ SURGXLW VDWHOOLWH ©SXUª F
HVWjGLUH TX¶LO Q¶LQWqJUH TXH GHV
GRQQpHV02HW,5HWQ¶HVWSDVSRVWDMXVWpSDUGHVGRQQpHVLQVLWX,OIRXUQLWXQHHVWLPDWLRQGXFXPXO
MRXUQDOLHUGHVSUpFLSLWDWLRQVjXQHUpVROXWLRQGHVXUODEDQGHLQWHUWURSLFDOHHQWUH6HW1
)LJXUH2XWUHO¶pFKDQWLOORQQDJHDPpOLRUpHQ]RQHWURSLFDOHJUkFHDXVDWHOOLWH07O¶RULJLQDOLWp
GX FRQFHSW GH 7$3((5 UpVLGH GDQV O¶HVWLPDWLRQ G¶HUUHXU TXL DFFRPSDJQH FH SURGXLW 7$3((5
VLJQLILDQW7URSLFDO$PRXQWRI3UHFLSLWDWLRQZLWKDQ(VWLPDWLRQRI(5URU'HX[TXHVWLRQVSULQFLSDOHV
VHSRVHQWDYHFO¶DYqQHPHQWGHFHQRXYHDXSURGXLWLTXHOOHVVRQWVHVSHUIRUPDQFHVHWVRQDSSRUW
SRXU OH VXLYL K\GURORJLTXH" LL TXHO HVW O¶DSSRUW GH O¶HVWLPDWLRQ GH O¶HUUHXU DVVRFLpH DX[
SUpFLSLWDWLRQVHWFRPPHQWVHSURSDJHWHOOHGDQVODPRGpOLVDWLRQK\GURORJLTXH"
&H FKDSLWUH DERUGH GH PDQLqUH SURVSHFWLYH G¶XQH SDUW OHV SHUIRUPDQFHV K\GURORJLTXHV GH FH
QRXYHDXSURGXLWWRXMRXUVSRXUXQHPRGpOLVDWLRQFLEOpHVXUODFUXH5RXJHGX1LJHUj1LDPH\HW
G¶DXWUHSDUWO¶DSSRUWGHVGLIIpUHQWHVGRQQpHVVDWHOOLWHTX¶LQWqJUHO¶DOJRULWKPH7$3((5HVWG¶DERUG
FRQIURQWpDX[DXWUHVSURGXLWVVDWHOOLWHVHWLQVLWXSUpVHQWpVGDQVOHFKDSLWUH3XLVGHVYHUVLRQVGH
7$3((5 LQWpJUDQW GLIIpUHQWHV VRXUFHV GH GRQQpHV VRQW FRPSDUpHV 7$3((5 DYHF RX VDQV OHV
GRQQpHVGH6$3+,57$3((5EDVpVXUOHVGRQQpHVVDWHOOLWHVLVVXHVG¶XQHFRQVWHOODWLRQpTXLYDOHQWH
j FHOOH GLVSRQLEOH HQ  7$3((5 VDQV PHVXUH 02 3DU OD VXLWH OD TXHVWLRQ GH O¶DSSRUW GH
O¶HVWLPDWLRQGHO¶HUUHXUGHVSUpFLSLWDWLRQVHWGHVRQXWLOLVDWLRQHVWDERUGpH
/
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$SUqVDYRLUpWpXWLOLVpDYHFVXFFqVSRXUpYDOXHUOHVSHUIRUPDQFHVK\GURORJLTXHVGHGLIIpUHQWV
SURGXLWVHWpWXGLHUOHVLPSDFWVGHVGLIIpUHQWHVFDUDFWpULVWLTXHVGHVSOXLHVVXUODPRGpOLVDWLRQFKDSLWUH
OHPRGqOH,6%$75,3GDQVVDFRQILJXUDWLRQFLEOpHVXUOHELHI$QVRQJR1LDPH\HVWGHQRXYHDX
XWLOLVpLFL
/HSURGXLW7$3((5GDQVVDYHUVLRQDFWXHOOHHVWGLVSRQLEOHSRXUOHVDQQpHVHW
O¶DQDO\VHQ¶HVWFHSHQGDQWPHQpHTXHVXUO¶DQQpH'¶XQHSDUWSDUFHTXHOHGpELWREVHUYp
j$QVRQJR HQWUpH GXPRGqOH FRPSRUWH GH QRPEUHXVHV ODFXQHV HQ HW  DQQH[H ,, TXL
HQJHQGUHUDLHQWXQHLQFHUWLWXGHIRUWHVXUODPRGpOLVDWLRQFHVDQQpHVOj'¶DXWUHSDUWSDUFHTXHOHV
YHUVLRQVGH7$3((5DYHFGHVPRGLILFDWLRQVGHODFRQVWHOODWLRQ02QHVRQWGLVSRQLEOHVTX¶HQ


)LJXUH([HPSOHGXSURGXLW7$3((5YHUVLRQSUpFpGHQWHjjO¶pFKHOOHGHV7URSLTXHV
MRXUQpHGXMXLOOHW+DXWSOXLHMRXUQDOLqUHPP%DVHUUHXUDVVRFLpHPPVRXUFH
&KDPERQHWDOE
 
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/HV HVWLPDWLRQV GHV SUpFLSLWDWLRQV GX SURGXLW 7$3((5 Q¶RQW SDV pWp LQWpJUpHV GDQV
O¶pYDOXDWLRQGHVGLIIpUHQWVSURGXLWVGpYHORSSpHGDQVOHFKDSLWUHjFDXVHGXIDLEOHQRPEUHG¶DQQpHV
GLVSRQLEOHVpWDQWGRQQpHODGDWHGHODQFHPHQWGHODPLVVLRQ07(QUHYDQFKHSOXVLHXUVpWXGHVRQW
GpMjFRPSDUpGHVYHUVLRQVSUpFpGHQWHVGXSURGXLW7$3((5DXSURGXLW.5,*'(16(VXUOHGHJUp
FDUUpGH1LDPH\&KDPERQHWDOEHWDXSURGXLW%YVXUO¶HQVHPEOHGHODFHLQWXUHWURSLFDOH
&KDPERQ HW DO E &HV pWXGHV RQW PLV HQ DYDQW OHV ERQQHV SHUIRUPDQFHV GHV SUpFpGHQWHV
YHUVLRQVGH7$3((5

 Apport de TAPEER pour la modélisation hydrologique de la crue 
Rouge à Niamey 
/DYHUVLRQDFWXHOOHGXSURGXLW7$3((5HVWXWLOLVpHGDQVFHWWHpWXGH(OOHFRPELQHGHV
GRQQpHV,5HW02LVVXHVGHVFRXSOHVVDWHOOLWHVUDGLRPqWUHVGpFULWGDQVOH7DEOHDXOLJQH/H
UDGLRPqWUH0$'5$6pWDQWKRUV VHUYLFHGHSXLV MDQYLHU OHVGRQQpHV LVVXHVGH6$3+,5VRQW
LQWpJUpHV j O¶DOJRULWKPH 7$3((5 SRXU DPpOLRUHU O¶pFKDQWLOORQQDJH VXU OD FHLQWXUH WURSLFDOH
/¶DOJRULWKPHGH7$3((5VHEDVHVXUODWHFKQLTXH8$*3,TXLDSUqVFRORFDOLVDWLRQGHVDFTXLVLWLRQV
,5 HW GHV SOXLHV LQVWDQWDQpHV LVVXHV GHV REVHUYDWLRQV02HW GH O¶DOJRULWKPH%5$,1 FKDSLWUH 
GpWHUPLQH XQH YDOHXU GH WHPSpUDWXUH GH EULOODQFH 7% FRUUHVSRQGDQW j XQ VHXLO SOXLH QRQSOXLH
7%VHXLOHWODPR\HQQHFRQGLWLRQQHOOHGHVSUpFLSLWDWLRQV5FRQG&HVSDUDPqWUHVGpWHUPLQpVVXUXQH
IHQrWUHG¶HQWUDvQHPHQWMSRXU7%VHXLOHWMSRXU5FRQGVRQWUHSUpVHQWDWLIVGHODIHQrWUH
VSDWLRWHPSRUHOOHG¶HQWUDvQHPHQWHWSUHQQHQWHQFRPSWHLPSOLFLWHPHQWODVLWXDWLRQPpWpRURORJLTXH
,OVSHUPHWWHQWSDUODVXLWHGHGpWHUPLQHUOHVFXPXOVGHSOXLHjXQHUpVROXWLRQMRXUQDOLqUHGH
/D UpVROXWLRQ VSDWLRWHPSRUHOOH GX IRUoDJH DWPRVSKpULTXH G¶,6%$75,3 pWDQW  HW WUL
KRUDLUHOHSURGXLW7$3((5GRLWrWUHGpVDJUpJpDYDQWG¶rWUHXWLOLVpFRPPHIRUoDJHGHFHPRGqOH/D
GpVDJUpJDWLRQVSDWLDOHGHjFRQVLVWHjDWWULEXHUOHFXPXOSOXYLRPpWULTXHGXSL[HOSqUHDX[
SL[HOVILOV/DGpVDJUpJDWLRQWHPSRUHOOHFRQVLVWHjGLVWULEXHUVXUGHVSDVGHWHPSVMRXUQDOLHUVGH
KOHFXPXOMRXUQDOLHUGHVSUpFLSLWDWLRQVHVWLPpSDU7$3((5(QHIIHWSRXUUHSUpVHQWHUODG\QDPLTXH
WHPSRUHOOH GHV 0&6 GRQW HVW LVVXH OD TXDVLWRWDOLWp GX FXPXO SOXYLHX[ HQ $IULTXH GH O¶2XHVW
FKDSLWUH  HW j FDXVH GH OD VRXVHVWLPDWLRQ GHV VLPXODWLRQV TX¶HQJHQGUH XQ OLVVDJH GH FHWWH
G\QDPLTXHFKDSLWUHLOHVWQpFHVVDLUHGHUHFRXULUjXQHWHOOHPpWKRGHGHGpVDJUpJDWLRQWHPSRUHOOH
/DGpVDJUpJDWLRQWHPSRUHOOHGH7$3((5G¶XQHUpVROXWLRQMRXUQDOLqUHjWULKRUDLUHHVWGRQFUpDOLVpH
GHPDQLqUHQRQXQLIRUPHF¶HVWjGLUHTX¶HOOHFRQVLVWHjGLVWULEXHUOHVSUpFLSLWDWLRQVMRXUQDOLqUHVGDQV
XQVHXOSDVGHWHPSVGHKKK
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








)LJXUH  +\GURJUDPPHV GX1LJHU j
1LDPH\SRXUO¶DQQpHK\GURORJLTXH
GpELW REVHUYp HQ SRLQWLOOpV QRLUV GpELWV
VLPXOpV HQ FRXOHXU HW 16( HQWUH
SDUHQWKqVHV
 )LJXUH   *UDSKLTXHV 4XDQWLOHV
4XDQWLOHV GHV GpELWV VLPXOpV GX 1LJHU
SHQGDQW OD FUXH 5RXJH j 1LDPH\ HQ
HQIRQFWLRQGHVTXDQWLOHVGXGpELW
REVHUYp
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/¶pWXGHGHVSHUIRUPDQFHVK\GURORJLTXHVGH7$3((5HVWUpDOLVpHSRXUO¶DQQpHHWODVLPXODWLRQ
EDVpHVXUOHIRUoDJH7$3((5HVWFRPSDUpHDX[VLPXODWLRQVEDVpHVVXUOHVDXWUHVSURGXLWVGpFULWVGDQV
OHFKDSLWUH/DPrPHGpPDUFKHGHGpVDJUpJDWLRQVSDWLRWHPSRUHOOHHVWDSSOLTXpHjO¶HQVHPEOHGHV
SURGXLWVUpVROXMRXUQDOLqUHPHQW7DEOHDX
/DVLPXODWLRQLVVXHGXIRUoDJH7$3((5SUpVHQWHXQHERQQHSHUIRUPDQFH16(FHSHQGDQW
HOOHVRXVHVWLPHOHSLFGHODFUXH5RXJH)LJXUH0DOJUpFHWWHVRXVHVWLPDWLRQGXGpELWDXPRLV
G¶DRWODVLPXODWLRQDYHF7$3((5SUpVHQWHOHVPHLOOHXUVUpVXOWDWVGHVSURGXLWVVDWHOOLWHVSXUVHWVH
UDSSURFKH YRLUH pJDOH OHV SHUIRUPDQFHV GHV SURGXLWV LQVLWX HW GHV SURGXLWV VDWHOOLWHVPL[WHV SRVW
DMXVWpVSDUGHVGRQQpHVLQVLWX(QWHUPHVGHGLVWULEXWLRQGHVGpELWVMRXUQDOLHUVOD)LJXUHPRQWUH
TXH OH GpELW VLPXOp j SDUWLU GX SURGXLW7$3((5 HVW SURFKH GH O¶REVHUYDWLRQ HW FRPPH SRXU OHV
SURGXLWV.5,*HW5)( OHV VLPXODWLRQV RQW WHQGDQFHV j VRXVHVWLPHU OHV TXDQWLOHV OHV SOXV IRUWV
F¶HVWjGLUHOHVYDOHXUVGHGpELWOHVSOXVH[WUrPHV
/¶DSSURFKHSDUVHXLOUHODWLIQHSHXWSDVrWUHDERUGpHLFLpWDQWGRQQpTXHO¶pWXGHHVWUpDOLVpHVXUXQH
VHXOHDQQpH/HVHXLOG¶LQRQGDWLRQDEVROXPVHVWIUDQFKLSHQGDQWMRXUVFRQWUHREVHUYpV
HQLQRQGDWLRQ0DLV7$3((5IDLWSDUWLHGHVSURGXLWVOHVSOXVSHUIRUPDQWVHQWHUPHVGHGpWHFWLRQGHV
LQRQGDWLRQVDYHFXQH32'GHHWXQH)$5WUqVIDLEOHGH&HVWUqVERQVUpVXOWDWVWDQWSRXU
7$3((5 TXH SRXU 5)( 3(56,$11&'5 RX .5,* GRLYHQW WRXW GH PrPH rWUH UHPLV HQ
SHUVSHFWLYHSXLVTX¶LOVVHEDVHQWVXUXQHXQLTXHDQQpHG¶DQDO\VH2ULODpWpGpPRQWUpGDQVOH
FKDSLWUHTXHOHV32'HWOHV)$5VRQWPRLQVVDWLVIDLVDQWVVXUO¶HQVHPEOHGHODSpULRGH
SRXUOHVDXWUHVSURGXLWVTXH7$3((5/HVIRUWHVLQWHQVLWpVHWOHVIRUWVFXPXOVSOXYLRPpWULTXHVGH
O¶DQQpH  SRXUUDLHQW SHUPHWWUH FHUWDLQHV FRPSHQVDWLRQV GHV ODFXQHV GH UHSUpVHQWDWLRQ GHV
SURFHVVXV GDQV OH PRGqOH HW GRQF XQH ERQQH TXDOLWp GH VLPXODWLRQ FHWWH DQQpHOj ,O HVW DXVVL
LQWpUHVVDQWGHQRWHU OHVGLIIpUHQFHVGH UpVXOWDWREWHQXHQ IRQFWLRQGH ODPpWKRGHGHGpVDJUpJDWLRQ
WHPSRUHOOHFKRLVLHSRXUOHVSURGXLWVUpVROXjMRXU/HOLVVDJHGXFKDPSGHSOXLHHQJHQGUpSDUXQH
GLVWULEXWLRQ XQLIRUPH GHV SUpFLSLWDWLRQV GDQV OD MRXUQpH HQJHQGUH GHV GpELWV PRLQV LPSRUWDQWV
FKDSLWUH/HV)$5VRQWDORUVTXDVLQXOPDLVOHV32'VRQWIDLEOHVHWG¶HQYLURQF¶HVWjGLUH
TX¶XQMRXUHQLQRQGDWLRQVXUGHX[VHXOHPHQWHVWGpWHFWpSDUODVLPXODWLRQ&HVUpVXOWDWVFRQILUPHQWOD
VHQVLELOLWpGHODPRGpOLVDWLRQK\GURORJLTXHVDKpOLHQQHjODGLVWULEXWLRQWHPSRUHOOHGHVSUpFLSLWDWLRQV
HWO¶LQWpUrWGHSRUWHUXQHDWWHQWLRQSDUWLFXOLqUHjODGpVDJUpJDWLRQORUVTX¶HOOHHVWQpFHVVDLUH


                                                             
32'3UREDELOLW\2I'HWHFWLRQpJDOHPHQWGpILQLGDQVOHFKDSLWUH
)$5)DOVH$ODUP5DWHGpILQLGDQVOHFKDSLWUH
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7DEOHDX5pVXPpGHVSpULRGHVG¶LQRQGDWLRQHQMRXUGHV32'HWGHV)$5SHQGDQW ODFUXH
5RXJHj1LDPH\HQGpWHUPLQpVjSDUWLUGXVHXLODEVROXGHPVIL[pSDUO¶$%1SRXU
OHV REVHUYDWLRQV HW OHV GLIIpUHQWHV VLPXODWLRQV  UpVXOWDWV REWHQX DYHF GHV SUpFLSLWDWLRQV GLVWULEXpHV
XQLIRUPpPHQWSRXUOHVSDVGHWHPSVMRXUQDOLHUVGXIRUoDJHSRXUOHVSURGXLWVGRQWODUpVROXWLRQWHPSRUHOOHQDWLYHHVW
GHMRXUOHVDXWUHVUpVXOWDWVFRUUHVSRQGDQWjXQHGLVWULEXWLRQFRQFHQWUpHVXUVHXOSDVGHWHPSV
'211((6 ,121'$7,21 32' )$5
2EVHUYDWLRQ   
6LPXODWLRQV    
,QVLWX .5,*   
&3&   
6DWHOOLWHPL[WH %Y   
5)(   
3(56,$11&'5   
6DWHOOLWHSXU 7$3((5   
%57   
&0253+   
3(56,$11   

&RPPHGDQVOHFKDSLWUHOD)LJXUHSUpVHQWHSRXU7$3((5DHWG¶DXWUHVSURGXLWEjHOD
UpSDUWLWLRQVSDWLRWHPSRUHOOHGHVSUpFLSLWDWLRQV MRXUQDOLqUHV VXU OHEDVVLQGXELHI$QVRQJR1LDPH\
SDQQHDX[VXSpULHXUVDLQVLTXHOHVVpULHVWHPSRUHOOHVGHODSOXLHPR\HQQHVXUOHEDVVLQHWGXGpELW
GX1LJHUREVHUYpHW VLPXOpj1LDPH\ SDQQHDX[ LQIpULHXUV&HWWH UHSUpVHQWDWLRQPHWHQpYLGHQFH
O¶LQIOXHQFHGHODGLVWULEXWLRQGHVSOXLHVVXUODSURGXFWLRQK\GURORJLTXH
3DUH[HPSOHSRXUODSpULRGHFRPSULVHHQWUHOHMXLOOHWHWODDRWOHVSURGXLWV5)(HW%Y
SUpVHQWHQW GHV FXPXOV MRXUQDOLHUV PR\HQV GH SUpFLSLWDWLRQ VLPLODLUHV PDLV OHV GpELWV VLPXOpV
SUpVHQWHQWGHVGLIIpUHQFHVSDQQHDX[LQIpULHXUVGHV)LJXUHFHWH/HMXLOOHWOHGpELWVLPXOpj
SDUWLUGXIRUoDJH5)(HVWVXSpULHXUjFHOXLEDVpVXU%Y3DUODVXLWHFHWWHWHQGDQFHV¶LQYHUVHHW
OD VLPXODWLRQ EDVpHVXU5)(VRXVHVWLPH OHSLF GHFUXHG¶HQYLURQPV VRLW HQYLURQ ૚૞GH OD
YDOHXUGXSLFHWFHOOHEDVpHVXU%YDWWHLQWOHSLFREVHUYpDYHFXQHWHQGDQFHjODVXUHVWLPDWLRQ
/DSOXVJUDQGHGLIIpUHQFHHQWUHFHVGHX[SURGXLWVQHUpVLGHSDVGDQVOHFXPXOPR\HQMRXUQDOLHUGHV
SUpFLSLWDWLRQVVXU OHEDVVLQPDLVGDQV OHXUGLVWULEXWLRQVSDWLRWHPSRUHOOHHWHQLQWHQVLWpSDQQHDX[
VXSpULHXUVGHV)LJXUHFHWH&RPPHGpMjQRWpGDQVOHVFKDSLWUHVHW5)(SUpVHQWHGHVFKDPSV
GHSOXLHVSOXV OLVVHVTXH%Y6DFRUUpODWLRQVSDWLDOHHVWIRUWHHW LOSUpVHQWHDXVVLSOXVGHMRXUV
SOXYLHX[SHXLQWHQVHVTXH%YOHVLQWHQVLWpVPD[LPDOHVMRXUQDOLqUHVSDUSL[HOVQHGpSDVVDQWSDV
PPSRXU5)(DORUVTX¶HOOHVH[FqGHQWSOXVLHXUVIRLVPPSRXU%Y/HVFRQVpTXHQFHVVXU
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ODPRGpOLVDWLRQVRQWQRWDEOHVHWOHVIRUWHVLQWHQVLWpVORFDOHVGXSURGXLW%YHQJHQGUHQWSOXVGH
UXLVVHOOHPHQWHWGRQFXQGpELWSOXVLPSRUWDQW/HVPrPHVUpVXOWDWVTXHFHX[GH5)(VRQWREWHQXV
DYHFOHSURGXLW.5,*0DOJUpVDTXDOLWpVXU O¶HQVHPEOHGHVDSpULRGHGHGLVSRQLELOLWp
FKDSLWUH O¶DQQpHSUpVHQWHXQ UpVHDX LQVLWXSOXV OkFKHSRXYDQWH[SOLTXHU VRQPDQTXHGH
UHSUpVHQWDWLYLWpVSDWLDOHHQJHQGUDQWXQOLVVDJHGHVFKDPSVGHSOXLHHWXQHVRXVHVWLPDWLRQGXSLFGH
GpELW/HSURGXLW&3&SUpVHQWH OHVPrPHVFDUDFWpULVWLTXHV VSDWLRWHPSRUHOOHVTXH5)(HW.5,*
PDLVDYHFGHV LQWHQVLWpVPD[LPDOHVSOXV LQWHQVHVVXSpULHXUHjPPLOSUpVHQWHpJDOHPHQWGHV
FXPXOVMRXUQDOLHUVPR\HQVpOHYpVDPHQDQWjXQHSURGXFWLRQSOXVLPSRUWDQWHHWjGHVVXUHVWLPDWLRQV
GHGpELW
(QILQHQFRPSDUDLVRQjFHVSURGXLWVOHPRWLIGXSDQQHDXVXSpULHXUGHOD)LJXUHDPRQWUHTXHOD
UpSDUWLWLRQVSDWLRWHPSRUHOOHGHVSOXLHVGH7$3((5VHPEOHLQWHUPpGLDLUHHQWUHOHVSURGXLWVOLVVDQWV
.5,*5)(HW&3&HWKpWpURJqQHV%Y6HVLQWHQVLWpVPD[LPDOHVVRQWGHO¶RUGUHGHPP
FRPPHSRXU.5,*HW5)(PDLV VRQWSOXV IUpTXHQWHVTXHSRXUFHVGHX[SURGXLWV(QWHUPHVGH
FXPXO MRXUQDOLHU )LJXUH  D SDQQHDX LQIpULHXU 7$3((5 VHPEOH VRXVHVWLPHU SOXVLHXUV
pYqQHPHQWVDXWRXUGXDRW HQFRPSDUDLVRQDX[DXWUHVSURGXLWV/HGpELW VLPXOp HVWSURFKHGHV
REVHUYDWLRQV MXVTX¶DXDRW$SUqVFHWWHGDWHHW MXVTX¶DXPRLVGHVHSWHPEUH LO HVW LQIpULHXUDX[
REVHUYDWLRQV &HWWH VRXVHVWLPDWLRQ WURXYH VRQ RULJLQH GDQV OD VRXVHVWLPDWLRQ GHV SUpFLSLWDWLRQV
G¶XQHSDUWDXWRXUGXDRWHWG¶DXWUHSDUWHQWUHOHVHWDRW(QHIIHWSRXUFHWWHGHUQLqUHSpULRGH
OD PDMRULWp GHV SURGXLWV SUpVHQWHQW GHV FXPXOV MRXUQDOLHUV HW GHV LQWHQVLWpV UHODWLYHPHQW EDV j
O¶H[FHSWLRQGH&3&TXLVHPEOHSURGXLUHWURSGHSOXLH(QFRQVpTXHQFHOHGpELWVLPXOpQHUHSURGXLW
SDVOHSLFGHGpELWREVHUYp%YDPRUFHXQHGLPLQXWLRQGHGpELWWURSUDSLGH7$3((55)(HW
.5,*VLPXOHQWXQHUpSRQVHOLVVpHHWDVVH]©SODWHª
0DOJUpODVRXVHVWLPDWLRQGXGpELWDYHFOHSURGXLW7$3((5LOHVWHQFRUHXQHIRLVLPSRUWDQWGHQRWHU
TXHVHVSHUIRUPDQFHVK\GURORJLTXHVSHXYHQWrWUHGLUHFWHPHQWFRPSDUpHVjFHOOHVGHVSURGXLWVLQVLWX
RXVDWHOOLWHVPL[WHVDORUVTX¶LOV¶DJLWG¶XQSURGXLWVDWHOOLWHSXU(QFRPSDUDLVRQDX[DXWUHVSURGXLWV
VDWHOOLWHVSXUVHWGDQVOHFDVGHOD]RQHpWXGLpH7$3((5V¶LOpWDLWGLVSRQLEOHHQWHPSVUpHOVHUDLW
XQHVRXUFHSURPHWWHXVHGHGRQQpHVSRXUO¶K\GURORJLHRSpUDWLRQQHOOH0DLVFHWWHpWXGHSURVSHFWLYH
GX SRWHQWLHO GH7$3((5SRXU GHV DSSOLFDWLRQV HQ K\GURORJLH Q¶HVWPHQpH LFL TXH VXU XQH DQQpH
OLPLWDQWOHVFRQFOXVLRQVTXHO¶RQSHXWHQWLUHU


 
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
 
 
)LJXUH6pULHV VSDWLRWHPSRUHOOHVGHVSUpFLSLWDWLRQVGXEDVVLQGXELHI$QVRQJR1LDPH\ [
MRXUVHW \SL[HOV1LDPH\ OHSOXVpORLJQpGH1LDPH\ SDQQHDX[VXSpULHXUVHW E VpULHV
WHPSRUHOOHVMRXUQDOLqUHVGHODSOXLHPR\HQQHVXUFHWWHDLUHHWGHVGpELWVGX1LJHUj1LDPH\SHQGDQW
ODFUXH5RXJHREVHUYpHWVLPXOpVjSDUWLUGHVIRUoDJHV7$3((5D&3&E.5,*F%Y
GHW5)(H
a) 
b) c) 
d) e) 
 CHAPITRE 6 | Apport hydrologique du produit TAPEER de MT et de son modèle d’erreur 
 
155 
 
 Apport des différentes sources de données satellitaire dans les 
performances de TAPEER  
 &RPPHGHQRPEUHX[SURGXLWVG¶HVWLPDWLRQVDWHOOLWHGHVSUpFLSLWDWLRQVOHSURGXLW7$3((5VH
EDVHVXUGLYHUVHVVRXUFHVGHPHVXUHVVDWHOOLWHV,5HW023OXVLHXUVpWXGHVRQWGpPRQWUpO¶DSSRUWGHV
GRQQpHV02SRXUO¶DPpOLRUDWLRQGHODTXDOLWpGHVHVWLPDWLRQVVDWHOOLWHVGHVSUpFLSLWDWLRQVUHYXHGDQV
&KDPERQHWDOE&HWWHVHFWLRQDERUGH ODTXHVWLRQGH O¶LPSDFWVXU O¶K\GURORJLHGHVGRQQpHV
02XWLOLVpHVGDQV7$3((5SRXUFRPSUHQGUHO¶DSSRUWGHVGLIIpUHQWHVVRXUFHVG¶DFTXLVLWLRQ02HQ
SDUWLFXOLHU GX VRQGHXU076$3+,5 HW TXHO VHUDLW O¶LPSDFW G¶XQH GpJUDGDWLRQ GH OD FRQVWHOODWLRQ
VDWHOOLWHSRUWDQWOHVUDGLRPqWUHV02(QHIIHWWRXWHPLVVLRQVSDWLDOHDXQHGXUpHGHYLHOLPLWpHjFDXVH
GHVRQFRWG¶H[SORLWDWLRQHWGH O¶REVROHVFHQFH LQpYLWDEOHGHVVDWHOOLWHVHWGH OHXUFKDUJHXWLOH /D
PLVVLRQ7500DSULVILQHQHWFRPPHO¶HQVHPEOHGHVPLVVLRQVGHW\SHUHFKHUFKHODPLVVLRQ
07Q¶HVWSDVYRXpHjrWUHPDLQWHQXHVXUOHORQJWHUPH'DQVFHFRQWH[WHOHVFRQVWHOODWLRQV02QH
VRQWSDVpWHUQHOOHVHWVRQWVXVFHSWLEOHG¶rWUHGpJUDGpHV4XHOVHUDLWO¶LPSDFWGHFHWWHGpJUDGDWLRQVXU
ODVLPXODWLRQK\GURORJLTXH"
'HV VLPXODWLRQV K\GURORJLTXHV EDVpHV VXU GLIIpUHQWHV YHUVLRQV GH 7$3((5 VRQW FRPSDUpHV &HV
YHUVLRQVVRQWLVVXHVGHFRQVWHOODWLRQVGLIIpUHQWHVFRPELQDQWSOXVRXPRLQVGHVRXUFHVGHGRQQpHV02
7DEOHDX   FRORQQH  /D YHUVLRQ 7$3((5 DFWXHOOH RX 7$3((5  FRUUHVSRQG j OD
FRQVWHOODWLRQGLVSRQLEOHHQHOOHHVWHQVXLWHGpJUDGpHSRXUREWHQLUXQHYHUVLRQVDQVOHVGRQQpHV
6$3+,5SRXUWHVWHUO¶DSSRUWGXVDWHOOLWH07VDQVOHVGRQQpHV6$3+,5QL660,HWFRQGLWLRQV
FRPSDUDEOHVjODFRQVWHOODWLRQGLVSRQLEOHHQORUVTXH7500DpWpODQFpHWVDQVDXFXQHGRQQpH
023RXU OHV YHUVLRQV DYHF02 OHPrPH DOJRULWKPHG¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV EDVp VXU OD
PpWKRGH8$*3,HVWXWLOLVpPDLVODGLPLQXWLRQGXQRPEUHGHUDGLRPqWUHV02VLJQLILHODGpJUDGDWLRQ
GH OD EDVH G¶DSSUHQWLVVDJH j SDUWLU GH ODTXHOOH VRQW GpWHUPLQpV OHV SDUDPqWUHV 7%VHXLO HW5FRQG (Q
UHYDQFKHFHWWHPpWKRGHQ¶HVWSOXVDSSOLFDEOHGDQVOHFDVGH O¶DEVHQFHGH02/HVVHXLOV7%VHXLOHW
5FRQG VRQW DORUV IL[pVSDU UDSSRUWj ODYDOHXUPR\HQQHSRXU OHEDVVLQGX ELHI$QVRQJR1LDPH\ DX
FRXUVGHODVDLVRQGHVSOXLHV,OVQHVRQWSOXVVSpFLILTXHVG¶XQH]RQHUpGXLWHHWG¶XQHVLWXDWLRQ
PpWpRURORJLH




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7DEOHDX5pVXPpGHVGLIIpUHQWHVFRQVWHOODWLRQVXWLOLVpHVSRXU7$3((5
1RPGHODYHUVLRQ 6RXUFH,5 6RXUFH02 7%VHXLO 5FRQG
7$3((5 06*6(9,5,$IULTXHGHO
RXHVW
076$3+,5
$48$$065
750070,
'063660,
8$*3,
M
8$*3,
M
7$3((5
VDQV6$3+,5
06*6(9,5,
$IULTXHGHO
RXHVW
$48$$065
750070,
'063660,
8$*3,
M
8$*3,
M
7$3((5
W\SHFRQVWHOODWLRQ
06*6(9,5,
$IULTXHGHO
RXHVW
$48$$065
750070,
'063660,
8$*3,
M
8$*3,
M
7$3((5
VDQV02
06*6(9,5,
$IULTXHGHO
RXHVW ± . PP

/D)LJXUHFRPSDUHOHVSUpFLSLWDWLRQVHVWLPpHVSDU7$3((5HWVHVYHUVLRQVGpJUDGpHV'¶XQH
SDUWODGLPLQXWLRQGHVVRXUFHVGH02DYHFODVXSSUHVVLRQGH6$3+,5SXLVODVXSSUHVVLRQGH660,
HWHQJHQGUHXQHGLVSHUVLRQSOXVLPSRUWDQWHGHODUHODWLRQ/DUpGXFWLRQGHO¶pFKDQWLOORQQDJH
02HQJHQGUHXQHDXJPHQWDWLRQGHODYDULDQFHGHO¶HVWLPDWLRQGHVSUpFLSLWDWLRQV/DVXSSUHVVLRQGH
6$3+,5GHODFRQVWHOODWLRQLQGXLWXQELDLVQpJDWLI/DVXSSUHVVLRQGH6$3+,5HWGH660,HW
LQGXLWpJDOHPHQWFHELDLVQpJDWLIPDLVHQJHQGUHDXVVLXQELDLVSRVLWLISRXUOHVSOXLHVOHVSOXVLQWHQVHV
'¶DXWUHSDUWODVXSSUHVVLRQWRWDOHGHV02TXLLQGXLWXQHYDOHXUIL[HGH7%VHXLOHW5FRQGHQJHQGUHXQH
GLVSHUVLRQHWXQELDLVSRVLWLILPSRUWDQWV
/D VHFWLRQ SUpFpGHQWH D PLV HQ pYLGHQFH OHV ERQQHV SHUIRUPDQFHV GHV VLPXODWLRQV EDVpHV VXU OD
YHUVLRQ QRPLQDOH GH 7$3((5 16(    )LJXUH   ,FL OD )LJXUH   PRQWUH TXH FHV
SHUIRUPDQFHVVRQWpJDOpHVSDUOHVYHUVLRQVVDQV6$3+,516( HWGHODFRQVWHOODWLRQVDQV
6$3+,5QL660,HW16( PDLVGHVGLIIpUHQFHVLPSRUWDQWHVVRQWWRXWHIRLVQRWDEOHV
7$3((5 VDQV 6$3+,5 TXL SUpVHQWH XQ ELDLV QpJDWLI GHV SUpFLSLWDWLRQV SDU UDSSRUW DX[ DXWUHV
YHUVLRQV )LJXUH   HQJHQGUH OH GpELW OH SOXV IDLEOH )LJXUH   /D VLPXODWLRQ EDVpH VXU OD
FRQVWHOODWLRQFRPPHQFHSDUVRXVHVWLPHUFHOOHLVVXHGHODYHUVLRQRULJLQDOHGH7$3((5MXLOOHW
DRWSXLVODGpSDVVH/HVWHQGDQFHVREVHUYpHVGDQVODFRPSDUDLVRQGHVHVWLPDWLRQVGHVSUpFLSLWDWLRQV
)LJXUHVHUHWURXYHQWGRQFGDQVODVLPXODWLRQK\GURORJLTXH'HPrPHOHELDLVLPSRUWDQWVXUOHV
HVWLPDWLRQVGHVSUpFLSLWDWLRQVTX¶HQJHQGUHODVXSSUHVVLRQWRWDOHGHGRQQpHV02VHSURSDJHGDQVOD
VLPXODWLRQK\GURORJLTXHHWODGpJUDGHIRUWHPHQW
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/HVGpJUDGDWLRQVGH ODFRQVWHOODWLRQHQJHQGUHQWXQHGpJUDGDWLRQGH OD VLPXODWLRQ K\GURORJLTXHHW
O¶LQIRUPDWLRQ 02 HVW XQ DSSRUW SULPRUGLDO SRXU O¶XWLOLVDWLRQ GHV SURGXLWV SOXLH VDWHOOLWHV HQ
K\GURORJLH&HSHQGDQWOHVVLPXODWLRQVREWHQXHVDYHF ODYHUVLRQQRPLQDOHGH7$3((5RXDSUqVOD
GLPLQXWLRQGHVVRXUFHVGH02VRQWSURFKHVHWSOXVSURFKHVHQWUHHOOHVHQFRPSDUDLVRQDX[SURGXLWV
WHVWpV GDQV OD VHFWLRQ SUpFpGHQWH FH TXL LQGLTXH XQH FHUWDLQH VWDELOLWp GH O¶DOJRULWKPH 7$3((5
PDOJUpODYDULDWLRQGHODFRQVWHOODWLRQ




)LJXUH   3UpFLSLWDWLRQV MRXUQDOLqUHV
SDU SL[HO GHV GLIIpUHQWHV FRQVWHOODWLRQV
GpJUDGpHVGH7$3((5HQIRQFWLRQGHFHOOHV
GHODFRQVWHOODWLRQRULJLQDOH
 )LJXUH   +\GURJUDPPH GX 1LJHU j
1LDPH\ SRXU O¶DQQpH K\GURORJLTXH 
GpELWREVHUYp HQSRLQWLOOpVQRLUVHWGpELWV
VLPXOpV j SDUWLU GHV SUpFLSLWDWLRQV LVVXHV
GHV GLIIpUHQWHV FRQVWHOODWLRQV GH 7$3((5
HQFRXOHXUHW16(HQWUHSDUHQWKqVHV

'HSOXVVLOHVUpVXOWDWVHQWUHODYHUVLRQVDQV6$3+,5HWGHODFRQVWHOODWLRQVRQWFRPSDUDEOHVF¶HVW
HQUDLVRQGHODFRUUpODWLRQWHPSRUHOOHGHVPHVXUHVHIIHFWXpHVSDUOHVUDGLRPqWUHV(QHIIHW ODVHXOH
GLIIpUHQFH HQWUH FHV GHX[ YHUVLRQV GH 7$3((5 UpVLGH GDQV OD VXSSUHVVLRQ SRXU OD YHUVLRQ GH OD
FRQVWHOODWLRQGHVGRQQpHVGHVUDGLRPqWUHV660,HPEDUTXpVVXUOHVVDWHOOLWHV'063HW/HV
VDWHOOLWHV'063VRQWKpOLRV\QFKURQHVHWOHXUVKRUDLUHVGHSDVVDJHDXGHVVXV1LDPH\SRXUO¶pWp
VRQWSURFKHV7DEOHDX2UFRPPHO¶RQWGpMjVRXOHYpOHVWUDYDX[GH&KDPERQHWDODOD
TXDOLWp GHV HVWLPDWLRQV GHV SUpFLSLWDWLRQV Q¶HVW SDV DPpOLRUpH TXDQG OD EDVH GH GRQQpHV
G¶HQWUDvQHPHQWHVWpODUJLHPDLVTX¶HOOHFRPSRUWHXQHUHGRQGDQFHG¶LQIRUPDWLRQ
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7DEOHDX+HXUHVGHSDVVDJHGHVGLIIpUHQWVVDWHOOLWHVKpOLRV\QFKURQHV'063SRUWDQWOHV
UDGLRPqWUHV660,DXGHVVXVGH1LDPH\SRXUO¶pWp
6DWHOOLWH
+HXUHVPR\HQQHGH
SDVVDJHjO¶pTXDWHXU
HQ
'063 KHWK
'063 KHWK
'063 KHWK
'063 KHWK

 Apport de l’estimation d’erreur TAPEER - Propagation de 
l’incertitude sur la pluie dans la modélisation hydrologique 
/HV FDUDFWpULVWLTXHV GHV HVWLPDWLRQV GHV SUpFLSLWDWLRQV FXPXO HW GLVWULEXWLRQ LPSDFWHQW OD
PRGpOLVDWLRQK\GURORJLTXHFKDSLWUH*RVVHWHWDO/HSRWHQWLHOHQK\GURORJLHGHVSURGXLWV
G¶HVWLPDWLRQGHVSUpFLSLWDWLRQVHVWGLUHFWHPHQWOLpjOHXUFDSDFLWpjUHSURGXLUHSUpFLVpPHQWOHVFKDPSV
GHSOXLHFXPXOHWGLVWULEXWLRQ/HVSURGXLWVHQSDUWLFXOLHUOHVSURGXLWVVDWHOOLWHVSXUVSHXYHQWrWUH
FRUULJpVGHOHXUVELDLVDYDQWG¶rWUHXWLOLVpVHQWDQWTXHIRUoDJHFKDSLWUH7KLHPLQJHWDORX
XQH DSSURFKH DGDSWpH VHXLO HQ GpELW UHODWLI FKDSLWUH  SHXW rWUH GpYHORSSpH SRXU WLUHU SDUWL GHV
VLPXODWLRQV PDOJUp FHV ELDLV 1pDQPRLQV FHV PpWKRGHV GpWHUPLQLVWHV IRXUQLVVHQW XQH VHXOH
VLPXODWLRQ GH GpELW SDU FKDPSV GH SOXLH HW QH SHUPHWWHQW SDV GH FRQQDvWUH OD SODJH GH YDULDWLRQ
SRVVLEOHGXGpELWVLPXOpHQIRQFWLRQGHO¶LQFHUWLWXGHVXUOHVSUpFLSLWDWLRQV8QSURGXLWSOXYLRPpWULTXH
DVVRUWLG¶XQHEDUUHG¶HUUHXUSHUPHWGHPHWWUHHQ°XYUHGHVPpWKRGHVHQVHPEOLVWHVGDQVOHVTXHOOHV
SOXVLHXUVUpDOLVDWLRQVGXIRUoDJHSOXYLRPpWULTXHSHUPHWWHQWG¶REWHQLUXQHQVHPEOHGHGpELWVVLPXOpV
&HVPpWKRGHVRQWXQLQWpUrWHQRSpUDWLRQQHOSRXUIRXUQLUGHVSUpYLVLRQVSUREDELOLVWHVHWHQUHFKHUFKH
SRXUPLHX[FRPSUHQGUHODSURSDJDWLRQG¶LQFHUWLWXGHjWUDYHUVOHPRGqOH3OXVLHXUVDXWHXUVRQWpWXGLp
OD SURSDJDWLRQ GHV HUUHXUV DVVRFLpHV DX[ SUpFLSLWDWLRQV GDQV OD PRGpOLVDWLRQ K\GURORJLTXH HQ
DSSOLTXDQW FHWWH PpWKRGH j SDUWLU GH PHVXUHV LQVLWX 3DWXUHO HW DO  1LMVVHQ  UDGDU
+RVVDLQ HW DO E =KX HW DO  HW VDWHOOLWHV +RVVDLQ HW DO D +RQJ HW DO 
0RUDGNKDQLHWDO1LNRSRXORVHWDO3DLYDHWDO'DQVFHVpWXGHVOHVVFpQDULLRX
HQVHPEOHV GH SUpFLSLWDWLRQ VRQW JpQpUpV HQ DSSOLTXDQW XQH HUUHXU SUpDODEOHPHQW HVWLPpH SDU
FRPSDUDLVRQDYHFXQHUpIpUHQFHRXJUkFHjXQPRGqOHG¶HUUHXU
$SUqV XQH H[SOLFDWLRQ GHV SULQFLSHV GH O¶HVWLPDWLRQ GH O¶HUUHXU DVVRFLpH DX[ SUpFLSLWDWLRQV SDU
VDWHOOLWH FHWWH VHFWLRQ SUpVHQWH OHV SUHPLHUV UpVXOWDWV GH O¶pWXGH GH OD SURSDJDWLRQ GH O¶HUUHXU GHV
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SUpFLSLWDWLRQVHVWLPpHSDU7$3((5GDQVODPRGpOLVDWLRQK\GURORJLTXH'LIIpUHQWVWHVWVVRQWUpDOLVpV
SRXU DSSOLTXHU O¶HUUHXU DX[ FKDPSV GH SOXLH HVWLPpV HQ IRQFWLRQ GH GLIIpUHQWHV K\SRWKqVHV GH
FRUUpODWLRQVSDWLRWHPSRUHOOHGHO¶HUUHXU

 Erreur associée aux estimations des précipitations 
 Généralités 
 /¶HUUHXUTXDGUDWLTXHPR\HQQHGHO¶HVWLPDWLRQGHVSUpFLSLWDWLRQVSDUUDSSRUWjODSOXLHUpHOOH
6ð HVW FRPSRVpH GH GHX[ WHUPHV OH ELDLV %ð HW O¶LQFHUWLWXGH ,ð /H ELDLV UHSUpVHQWH XQH HUUHXU
V\VWpPDWLTXH HW O¶LQFHUWLWXGH FRUUHVSRQG j OD YDULDQFH GH O¶HVWLPDWLRQ 6L O¶HVWLPDWLRQ SUpVHQWH XQ
ELDLV HOOH VXUHVWLPH RX VRXVHVWLPH V\VWpPDWLTXHPHQW OD UpDOLWp 6L O¶HVWLPDWLRQ SUpVHQWH XQH
LQFHUWLWXGHVDYDOHXUSHXWYDULHUSRXUO¶HVWLPDWLRQG¶XQHPrPHSOXLHUpHOOH/HELDLVHWO¶LQFHUWLWXGH
VRQW LQGpSHQGDQWV HW XQH HVWLPDWLRQ GHV SUpFLSLWDWLRQV SHXW SUpVHQWHU XQ IRUW ELDLV HW XQH IDLEOH
LQFHUWLWXGHRXLQYHUVHPHQW)LJXUH


)LJXUH,OOXVWUDWLRQGHVGLIIpUHQFHVHQWUHOHELDLVDHWO¶LQFHUWLWXGHEG¶XQHHVWLPDWLRQSDU
DQDORJLHDYHFXQHFLEOH G¶DSUqV&KDPERQ/HFHQWUHGH ODFLEOHHQURXJH UHSUpVHQWH OD
YDOHXUUpHOOHG¶XQHYDULDEOHHWOHVSRLQWVQRLUVVHVHVWLPDWLRQV'DQVOHFDVGHODILJXUHDOHELDLV
HVWSOXVJUDQGTXHO¶LQFHUWLWXGHODILJXUHESUpVHQWHOHFDVFRQWUDLUH

7RXWHV OHV PHVXUHV LQVLWX RX VDWHOOLWHV FRQVWLWXHQW XQ pFKDQWLOORQQDJH GLVFUHW G¶XQH YDULDEOH
FRQWLQXH 3RXU OHV PHVXUHV VDWHOOLWHV O¶pFKDQWLOORQQDJH HVW SRQFWXHO GDQV OH WHPSV XQH PHVXUH
LQVWDQWDQpH j FKDTXH SDVVDJH GX VDWHOOLWH)LJXUH  D HW SRXU OHV SOXYLRPqWUHV SRQFWXHO GDQV
O¶HVSDFH )LJXUH  E /HV PHVXUHV VRQW HQVXLWH LQWHUSROpHV SRXU VH UDPHQHU DX[ UpVROXWLRQV
WHPSRUHOOHV HW VSDWLDOHV UHTXLVHV 'LIIpUHQWHV VRXUFHV G¶HUUHXU VRQW SUpVHQWHV GDQV OD FKDvQH
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G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV (OOHV SHXYHQW SURYHQLU L GH O¶pFKDQWLOORQQDJH GHQVLWp GH
SOXYLRPqWUHLQVXIILVDQWHUHYLVLWHG¶XQVDWHOOLWHSHXIUpTXHQWH LLGXFDSWHXUHUUHXUG¶pWDORQQDJH
GHVFDSWHXUVVDWHOOLWHVHUUHXUGHOHFWXUHVXUXQSOXYLRPqWUHRXLLLGHVDOJRULWKPHVTXLFRQYHUWLVVHQW
OHVYDULDEOHVPHVXUpHVWHPSpUDWXUHGHEULOODQFHUpIOHFWLYLWpUDGDUHQLQWHQVLWpGHSOXLH&KDFXQHGH
FHV VRXUFHV G¶HUUHXUV HVW VXVFHSWLEOH G¶HQJHQGUHU GHV HUUHXUV V\VWpPDWLTXHV ELDLV RX DOpDWRLUHV
LQFHUWLWXGHV

 
)LJXUH,OOXVWUDWLRQGHODGLIIpUHQFHGHQDWXUHGHO¶pFKDQWLOORQQDJHGHVSUpFLSLWDWLRQVGDQVOH
WHPSVDRXGDQVO¶HVSDFHEG¶DSUqV1RUWKHW1DNDPRWR

(QVXSSRVDQWTXHOHVWHUPHVGHO¶HUUHXUVRQWLQGpSHQGDQWVOHELODQG¶HUUHXUGHVHVWLPpVSHXWrWUH
pFULWVRXVODIRUPHVXLYDQWHܵଶ ൌܵ±௖௛௔௡௧௜௟௟௢௡௡௔௚௘ଶ ൅ܵ௔௟௚௢௥௜௧௛௠௜௘ଶ ൅ܵ௘௧௔௟௢௡௡௔௚௘ଶ  (T

/¶HUUHXU WRWDOH 6ð DVVRFLpH j XQ SURGXLW G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV SHXW rWUH HVWLPpH SDU
GLIIpUHQWVPRGqOHVG¶HUUHXUGHFRPSOH[LWpYDULDEOH&HVPRGqOHVSHXYHQWrWUHEDVpVVXUGHVpWXGHV
HPSLULTXHVFRPSDUDLVRQGHVFKDPSVGHSOXLHHVWLPpVDYHFXQHUpIpUHQFHRXWKpRULTXHVDQDO\VHGHV
VRXUFHV G¶HUUHXUV HW SK\VLTXH GH OD PHVXUH SUHQGUH HQ FRPSWH OHV HUUHXUV V\VWpPDWLTXHV HWRX
DOpDWRLUHVFRQVLGpUHURXQRQODVWUXFWXUHVSDWLRWHPSRUHOOHGHO¶HUUHXU
6WHLQHU HW DO  HW +RVVDLQ HW$QDJQRVWRX  RQW GpYHORSSp XQ PRGqOH j SDUWLU GH OD
FRPSDUDLVRQV\VWpPDWLTXHGHVSURGXLWVVDWHOOLWDLUHVHWGHVFKDPSVGHSOXLHKDXWHUpVROXWLRQLVVXVGX
UpVHDXGHUDGDUVDPpULFDLQV&HVPRGqOHVDVVRFLHQWjFKDTXHSRLQWGHJULOOHGXFKDPSGHSOXLHHVWLPp
SDU VDWHOOLWH XQH YDULDQFH G¶HVWLPDWLRQ HQ PPPDLV DXVVL XQH SUREDELOLWp GH IDXVVH DODUPH LOV
GRQQHQW pJDOHPHQW OHV YDOHXUV GHV GLVWDQFHV VSDWLRWHPSRUHOOHV GH FRUUpODWLRQ GH O¶HUUHXU'H WHOV
a) b) 
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PRGqOHV VH SUrWHQW ELHQ j OD JpQpUDWLRQ G¶HQVHPEOHV HWRQW pWp XWLOLVpV SRXU GLIIpUHQWHV pWXGHV GH
SURSDJDWLRQ G¶HUUHXU VXU OHV EDVVLQV QRUGDPpULFDLQV 1LMVVHQ HW DO 0DJJLRQL HW DO 
&HSHQGDQWFHVPRGqOHVHPSLULTXHVSUpVHQWHQWSOXVLHXUVOLPLWHV7RXWG¶DERUGLOVQHSHUPHWWHQWSDV
GHVpSDUHUOHVGLIIpUHQWVWHUPHVGHO¶LQFHUWLWXGH(QVXLWHLOVVXSSRVHQWTXHODUpIpUHQFHQHSUpVHQWHSDV
G¶HUUHXUHWTXHOHVFDUDFWpULVWLTXHVGH O¶HUUHXUGpWHUPLQpHVDX[(WDWV8QLVVRQWWUDQVIpUDEOHVVRXV
G¶DXWUHVUpJLRQVHWUpJLPHVSOXYLRPpWULTXHVFHTXLHVWGLVFXWDEOH
3RXU 7$3((5 XQ PRGqOH WKpRULTXH G¶HUUHXU EDVp VXU OD SK\VLTXH GH OD PHVXUH VDWHOOLWH HW OHV
SULQFLSHVDOJRULWKPLTXHVDpWpGpYHORSSpSDU&KDPERQGDQVOHFDGUHGHVDWKqVH/¶HVWLPDWLRQ
G¶HUUHXUIRXUQLHSDU7$3((5HWXWLOLVpHFLGHVVRXVHVWLVVXHGHVHVWUDYDX[

 L’erreur TAPEER (Chambon 2011 et Chambon et al. 2013b) 
3RXUUDSSHO7$3((5IRXUQLWXQHHVWLPDWLRQMRXUQDOLqUHGHODSOXLHPR\HQQHjXQHUpVROXWLRQ
VSDWLDOHGH6HORQODPpWKRGH8*3,FHFXPXOMRXUQDOLHUHVWHVWLPpFRPPHOHSURGXLWG¶XQH
SOXLH PR\HQQH FRQGLWLRQQHOOH 5FRQG SDU XQH IUDFWLRQ SOXYLHXVH PR\HQQH MRXUQDOLqUH )3 &HWWH
GHUQLqUHHVWGpWHUPLQpHSDU OHQRPEUHGHSL[HOVDXGHVVXVGXVHXLO7%VHXLO SRXUOHGHJUpHW OH MRXU
FRQVLGpUpSRXUFKDTXHLPDJH,5GHODMRXUQpH



)LJXUH,OOXVWUDWLRQGHVLPDJHV,5VHXLOOpHV)3XWLOLVpHVGDQVO¶8*3,GH7$3((5VRXUFH
&KDPERQοݔHVWODGLVWDQFHHQWUHGHX[pFKDQWLOORQVUpVROXWLRQVSDWLDOHHWοݐHVWODSpULRGH
pFRXOpHHQWUHGHX[pFKDQWLOORQQDJHVG¶XQSRLQWUpVROXWLRQWHPSRUHOOH
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x /HVHUUHXUVG¶DOJRULWKPLHHWG¶pWDORQQDJH
/¶HVWLPDWLRQGHVHUUHXUVG¶DOJRULWKPLHHWG¶pWDORQQDJHQ¶HVWSDVLPSOpPHQWpHGDQVODYHUVLRQ
7$3((5 XWLOLVpH GDQV FHWWH pWXGH0DLV GHVGpYHORSSHPHQWV VRQW HQFRUH HQ FRXUV DX VHLQ GH
O¶pTXLSH VFLHQWLILTXH 07 SRXU ILQDOLVHU HW FRPSOpWHU FH PRGqOH G¶HUUHXU /H WHUPH G¶HUUHXU
G¶pWDORQQDJHHVWFRQVLGpUpSDU&KDPERQFRPPHQpJOLJHDEOHSDUUDSSRUWDX[DXWUHVVRXUFHV
G¶HUUHXUFRPSWHWHQXGXQLYHDXGHSUpFLVLRQGHVFDSWHXUVDFWXHOV/¶HUUHXUG¶DOJRULWKPLHGHORLQOH
SOXV FRPSOH[H GHV WURLV WHUPHV GH O¶HUUHXU WRWDOH SUHQG HQ FRPSWH OHV GLIIpUHQWHV HUUHXUV GDQV
O¶DOJRULWKPH8*3,XWLOLVpSDU7$3((5SRXUGpWHUPLQHU7%VHXLOHW5FRQG&HUWDLQHVGHFHVHUUHXUVVRQW
KpULWpHVGHO¶DOJRULWKPH%5$,1TXLSURGXLWOHVSOXLHVLQVWDQWDQpHVXWLOLVpHVSRXUOHFDOFXOGH5FRQG
G¶DXWUHVVRQWDVVRFLpHVjODUHSUpVHQWDWLYLWpGXYROXPHG¶DSSUHQWLVVDJH
x /¶HUUHXUG¶pFKDQWLOORQQDJH
/¶HUUHXU G¶pFKDQWLOORQQDJH HVW FDOFXOpH FRPPH OD YDULDQFH G¶HVWLPDWLRQ GH OD IUDFWLRQ
SOXYLHXVH MRXUQDOLqUH&¶HVW XQH LQFHUWLWXGH SDV GH WHUPHGH ELDLV TXL GpSHQGGH OD YDULDQFH GX
FKDPSGHSOXLHıðHWGXQRPEUHG¶pFKDQWLOORQVLQGpSHQGDQWV1LQGDXVHLQGXYROXPHG¶HVWLPDWLRQ
M ܵ±௖௛௔௡௧௜௟௟௢௡௔௚௘ଶ ൌ ఙమே೔೙೏    (T
/HQRPEUH WRWDO G¶pFKDQWLOORQV MRXUQDOLHUV1GpSHQGGX QRPEUH GH SL[HOV$ GH O¶LPDJH ,5 HW GX
QRPEUHG¶DFTXLVLWLRQMRXUQDOLqUHV7LFLJUkFHDX[PHVXUHVGH0HWHRVDWܰ ൌ ܣܶ     (T
3RXU OHFDOFXOGH O¶LQFHUWLWXGHG¶pFKDQWLOORQQDJH GH7$3((5 ODFRUUpODWLRQ VSDWLRWHPSRUHOOHGHV
FKDPSVGHSOXLHHVWSULVHHQFRPSWHGRQF1LQG HVW LQIpULHXUj1/HVWUDYDX[GH&KDPERQ 
GpPRQWUHQWTXH1LQGSHXWrWUHpYDOXpHQGLYLVDQWUHVSHFWLYHPHQWODWDLOOHGXGRPDLQH$HWODSpULRGH
7SDUOHVGLVWDQFHVGHGpFRUUpODWLRQVSDWLDOHGðHWWHPSRUHOOHĲGXFKDPSGHSOXLH
௜ܰ௡ௗ ൌ  ஺ௗమ  ఛ்    (T
/¶HVWLPDWLRQGH1LQGQpFHVVLWHODUpDOLVDWLRQGHYDULRJUDPPHVVSDWLDX[HWWHPSRUHOVSRXUGpWHUPLQHU
GðHWĲ3DUGpILQLWLRQXQYDULRJUDPPHGpWHUPLQHO¶DXWRFRUUpODWLRQG¶XQHVpULHGHGRQQpHVHQIRQFWLRQ
GH OD GLVWDQFH VSDWLDOH RX WHPSRUHOOH/HV IHQrWUHV GpILQLHV SRXU FRQVWUXLUH FHV GHUQLHUV VRQW GH
MpFKHOOHQpFHVVDLUHSRXUREWHQLUGHVGLVWDQFHVGHGpFURUUpODWLRQVSDWLRWHPSRUHOOHUREXVWHV


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/D)LJXUHSUpVHQWHODGLVWULEXWLRQGHVHUUHXUVDVVRFLpHVjO¶HVWLPDWLRQGHVSUpFLSLWDWLRQVHVWLPpHV
SDU7$3((5/HVHUUHXUVVRQWFRPSULVHVHQWUHHWPPSRXUO¶DQQpHVXUOHEDVVLQGXELHI
$QVRQJR1LDPH\HWODGLVWULEXWLRQHVWGRPLQpHSDUOHVHUUHXUVFRPSULVHVHQWUHHWPP)LJXUH
D6L OHVHUUHXUV VRQW IDLEOHVHQ DEVROXHQ WHUPHVGHSRXUFHQWDJHGXFXPXOGHSUpFLSLWDWLRQ
HVWLPp)LJXUHEHOOHVVRQWWUqVKDXWHVSRXU OHV IDLEOHVFXPXOVLQIpULHXUjPPSDU MRXUHW
GLPLQXHQWDYHFO¶LQWHQVLWpGHVSUpFLSLWDWLRQV&HVUpVXOWDWVVRQWHQDFFRUGDYHFOHVSUpFpGHQWVWUDYDX[
GH&KDPERQ
 
)LJXUH   'LVWULEXWLRQ GHV HUUHXUV HVWLPpHV SDU 7$3((5 HQ PP D HW UHSUpVHQWDWLRQ GH
O¶HUUHXUHQSRXUFHQWDJHGHVSUpFLSLWDWLRQVHVWLPpHVHQIRQFWLRQGHVSUpFLSLWDWLRQVE


 Propagation d’erreur dans la modélisation hydrologique 
 Méthodologie : les différentes applications de l’erreur sur les cumuls 
/HSURGXLW7$3((5IRXUQLWjO¶pFKHOOHGHMXQHHVWLPDWLRQGXFXPXOGHVSUpFLSLWDWLRQV
S HQ PP DLQVL TXH OD YDOHXU GH O¶LQFHUWLWXGH G¶pFKDQWLOORQQDJH L HQ PP /¶LQFHUWLWXGH
G¶pFKDQWLOORQQDJHSHXWrWUHXWLOLVpHSRXUJpQpUHUXQHQVHPEOHGHUpDOLVDWLRQVGHO¶HUUHXULTXLSHXW
rWUHDSSOLTXpDX[SUpFLSLWDWLRQVSDILQGHJpQpUHUXQFKDPSGHSOXLHLQWpJUDQWO¶HUUHXUSL3RXUFHOD
XQHK\SRWKqVHGRLWrWUHIDLWHTXDQWjODFRUUpODWLRQVSDWLRWHPSRUHOOHGHVHUUHXUV3OXVLHXUVWHVWVRQW
pWpUpDOLVpVHWVRQWUpVXPpVGDQVOH7DEOHDX



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7DEOHDX5pVXPpGHVGLIIpUHQWVWHVWVUpDOLVpVSRXUDSSOLTXHUO¶LQFHUWLWXGHLDX[FKDPSVGH
SOXLHHVWLPpVS
+\SRWKqVHVVXUO¶LQFHUWLWXGH 0pWKRGHV
0D[LPDOH SL S,)
,QGpSHQGDQWH SL S,)DOpDWRLUH
&RUUpOpHVSDWLDOHPHQW SL S,)FRUUpOpj
&RUUpOpHWHPSRUHOOHPHQW SL S,)FRUUpOpjM
&RUUpOpHVSDWLRWHPSRUHOOHPHQW SL S,)FRUUpOpjHWM

3RXUFKDTXHUpDOLVDWLRQ OHFKDPSG¶HUUHXULHVWJpQpUpFRPPH OHFKDPSG¶LQFHUWLWXGH7$3((5,
PXOWLSOLpSDUXQHIRQFWLRQ)TXLGpWHUPLQHODFRUUpODWLRQVSDWLRWHPSRUHOOHGHO¶HUUHXU'DQVOHFDVGH
O¶K\SRWKqVHG¶LQFHUWLWXGHPD[LPDOHSRXUFKDTXHSL[HOHWSDVGHWHPSV,HVWDMRXWpHRXVRXVWUDLWH
GRQFOHFKDPS)SUHQG ODYDOHXUVFHQDULRRXVFHQDULRSRXUWRXVOHVSL[HOVHWSDVGH
WHPSV&HFLFRUUHVSRQGjLQWHUSUpWHU O¶HUUHXUG¶pFKDQWLOORQQDJHGH7$3((5FRPPHXQELDLV3RXU
OHVDXWUHVK\SRWKqVHVODIRQFWLRQ)HVWXQFKDPSWULGLPHQVLRQQHOVSDWLDOHWWHPSRUHOJDXVVLHQGH
YDULDQFH XQLWp HW DYHF GLIIpUHQWHV K\SRWKqVHV VXU OD FRUUpODWLRQ VSDWLRWHPSRUHOOH'DQV OH FDV GH
O¶K\SRWKqVH G¶LQFHUWLWXGH LQGpSHQGDQWH OH FKDPS JDXVVLHQ ) HVW GpFRUUpOp 'DQV OHV FDV GHV
K\SRWKqVHVG¶LQFHUWLWXGHFRUUpOpHVSDWLDOHPHQWWHPSRUHOOHPHQWRXOHVGHX[OHFKDPSJDXVVLHQ)D
XQHFRUUpODWLRQLPSRVpHSDUXQYDULRJUDPPHH[SRQHQWLHORODSRUWpH׋HVWIL[pHjSRXUTXHOHV
FKDPSVVRLHQWGpFRUUpOpVjHWRXM)LJXUHߛሺݔሻ ൌ ܥ ൬ͳ െ݁ିଷቀഝೣቁ൰   (T

)LJXUH9DULRJUDPPHWKpRULTXHEDVpVXUXQPRGqOHH[SRQHQWLHO(TSRXUOHTXHOOD
SRUWpH׋HVWIL[pHj

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3RXUFKDTXHK\SRWKqVHXQHQVHPEOHGHIRUoDJHVHVWUpDOLVpH[FHSWpSRXUODSUHPLqUHK\SRWKqVH
G¶HUUHXUPD[LPDOHSRXUODTXHOOHGHX[IRUoDJHVVRQWUpDOLVpVVFpQDULLHW'HVH[HPSOHVGHFKDPSV
GHSOXLHVDLQVLTXHGH UpDOLVDWLRQVGHFKDPSVG¶HUUHXUHQ IRQFWLRQGHVGLIIpUHQWHVK\SRWKqVHV VRQW
GRQQpVGDQVOD)LJXUH

PLUIE 
ERREUR 
Biais + Indépendante Corr. Spa Corr. Temp Corr. Sta-temp 
     
     
     
     
     
Cumul de précipitation (mm)                                       Valeur absolue de l’erreur (mm) 

)LJXUH([HPSOHGHFKDPSVGHSOXLHqUHFRORQQHHWGHFKDPSVG¶HUUHXUVHQIRQFWLRQGHGLIIpUHQWHV
K\SRWKqVHVFRORQQHVjGXDXMXLOOHWOLJQHVGHj
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 Impact de l’erreur et de sa structure sur l’hydrologie 
/D)LJXUH  SUpVHQWH OHV UpVXOWDWV GHV VLPXODWLRQV EDVpHV VXU OD SOXLH7$3((5 VDQV
HUUHXU6UHIHWVXUOHVHQVHPEOHVGHSUpFLSLWDWLRQVSRXUOHVTXHOVO¶HUUHXUDpWpDSSOLTXpH6HQVVHORQOHV
GLYHUVHVK\SRWKqVHVGHFRUUpODWLRQVSDWLRWHPSRUHOOHSUpVHQWpHVGDQVOH7DEOHDX8QLQGLFHEDVp
VXU OHFRHIILFLHQWGHYDULDWLRQHVWPLVHQSODFHSRXUpYDOXHU O¶pFDUW MRXUQDOLHUHQWUH6UHI HW6HQV ,O
FRQVLVWHSRXUFKDTXHMRXUjGLYLVHUO¶pFDUWW\SHıHQVGH6HQVSDU6UHI3OXVOHV6HQVVRQWGLVSHUVpHVDXWRXU
GH6UHISOXVFHWLQGLFHV¶pORLJQHGH/DGLVWULEXWLRQGHFHWLQGLFHSRXUOHVGLIIpUHQWHVK\SRWKqVHVGH
FRUUpODWLRQGHO¶HUUHXUHVWSUpVHQWpHGDQVOD)LJXUH/HVUpVXOWDWVPRQWUHQWTXHODSOXVJUDQGH
GLIIpUHQFHHQWUH6UHIHW6HQVHVWREWHQXHDYHFO¶K\SRWKqVHGHO¶HUUHXUPD[LPDOHRO¶HUUHXUHVWLPpHHVW
DSSOLTXpHDXFXPXOjODPDQLqUHG¶XQELDLVSRVLWLIRXQpJDWLI4XDQWDX[GLIIpUHQWHVK\SRWKqVHVGH
FRUUpODWLRQGHO¶HUUHXUOHVUpVXOWDWVPRQWUHQWTXHSOXVOHFKDPSG¶HUUHXUHVWFRUUpOpSOXVODGLIIpUHQFH
HQWUH6UHIHW6HQVDXJPHQWH/HV)LJXUHHW)LJXUHPHWWHQWHQpYLGHQFHTXHODFRUUpODWLRQ
VSDWLDOHGH O¶HUUHXUHQJHQGUHXQHSOXVJUDQGHGLVSHUVLRQGHV6HQV DXWRXUGH6UHITX¶XQHFRUUpODWLRQ
WHPSRUHOOH'DQVOHFDVSUpFLVGHFHWWHpWXGHODPRGpOLVDWLRQK\GURORJLTXHVHUDLWGRQFSOXVVHQVLEOHj
XQH FRUUpODWLRQ VSDWLDOH TXH WHPSRUHOOH GH O¶HUUHXU &H UpVXOWDW HVW XQH FRQVpTXHQFH GH OD IRUWH
LQWHUPLWWHQFH GHV SUpFLSLWDWLRQV j O¶pFKHOOH MRXUQDOLqUH VXU OD ]RQH G¶pWXGH&HWWH LQWHUPLWWHQFH GX
FKDPSGHSOXLHHVWGHSOXVH[DFHUEpHSDUODGLVWULEXWLRQQRQXQLIRUPHGHVSUpFLSLWDWLRQVMRXUQDOLqUH
TXLLPSRVHXQpFDUWPLQLPXPGHKHQWUHOHVpSLVRGHVSOXYLHX[
/¶HUUHXU VH SURSDJH GRQF GLIIpUHPPHQW GDQV OD PRGpOLVDWLRQ HQ IRQFWLRQ GHV K\SRWKqVHV DYHF
OHVTXHOOHVHOOHHVWDSSOLTXpHVXUOHFXPXOHVWLPp6LOHV6HQVVRQWFRPSDUpHVDX[REVHUYDWLRQVGDQVOH
FDVGHO¶DSSOLFDWLRQGHO¶HUUHXUVRXVIRUPHGHELDLVRXDYHFXQHFRUUpODWLRQVSDWLRWHPSRUHOOHOHSLF
GHGpELWREVHUYpSHXWrWUHDWWHLQWSRXUFHUWDLQHVUpDOLVDWLRQVPDLVGDQVODPDMRULWpGHVFDVODWHQGDQFH
GHODVRXVHVWLPDWLRQGXSLFGHFUXHUHVWHSUpVHQWH/¶HUUHXUDFWXHOOHGH7$3((5TXLQHSUHQGSDV
HQFRPSWHOHVWHUPHVG¶DOJRULWKPLHHWG¶pWDORQQDJHHVWLQIpULHXUHjPPVXUOD]RQHG¶pWXGHHWSRXU
OD SpULRGH FRQVLGpUpH HW UHODWLYHPHQW IDLEOH SRXU OHV LQWHQVLWpV OHV SOXV IRUWHV UHVSRQVDEOHV GX
UXLVVHOOHPHQWVXUOD]RQHG¶pWXGH0DLVTXDQGHOOHHVWDSSOLTXpHGHPDQLqUHQRQDOpDWRLUHXQHHUUHXU
PrPHIDLEOHSHXWWRXWGHPrPHHQJHQGUHUGHVFKDQJHPHQWVVLJQLILFDWLIVGDQVODVLPXODWLRQGXGpELW
HQSDUWLFXOLHUORUVTX¶XQHFRUUpODWLRQVSDWLDOHRXVSDWLRWHPSRUHOOHHVWFRQVLGpUpH
,FL OHV WHVWV PHQpV VRQW DFDGpPLTXHV HW OHV K\SRWKqVHV GH FRUUpODWLRQ VRQW IL[pHV VXU  HW M
/¶pYDOXDWLRQUpHOOHGHO¶DXWRFRUUpODWLRQGHVFKDPSVGHO¶HUUHXUDVVRFLpHDX[SUpFLSLWDWLRQVVXUOD]RQH
G¶pWXGH SHUPHWWUDLW G¶DOOHU SOXV ORLQ GDQV O¶XWLOLVDWLRQ HW OD FRPSUpKHQVLRQ GH OD SURSDJDWLRQ GH
O¶HUUHXU GDQV ODPRGpOLVDWLRQ K\GURORJLTXH/¶DXWRFRUUpODWLRQ GHV FKDPSV G¶HUUHXU SRXUUDLHQW rWUH
GpWHUPLQpHHQXWLOLVDQWFRPPHUpIpUHQFHXQFKDPSGHSOXLHKDXWHUpVROXWLRQLVVXG¶XQUDGDU+RVVDLQ
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HW$QDJRVWRX/DFRXYHUWXUHUDGDUVXUOD]RQHG¶pWXGHHWHQ$IULTXHGHO¶2XHVWHQJpQpUDOQH
SHUPHWSDVXQHWHOOHpWXGH(QUHYDQFKHG¶DXWUHVVLWHVHQ]RQHWURSLFDOHWHOTXHGHVVLWHVEUpVLOLHQV
SRXUUDLHQWrWUHHQYLVDJpVSRXUFRQWLQXHUFHVWUDYDX[

 


)LJXUH+\GURJUDPPHVGX1LJHUj1LDPH\SRXUO¶DQQpHK\GURORJLTXHGpELWREVHUYp
SRLQWLOOpVQRLUVHWGpELWVVLPXOpVDYHFOHVSUpFLSLWDWLRQV7$3((5VDQVOLJQHURXJHHWDYHF
HUUHXUOLJQHVJULVHVDYHFO¶K\SRWKqVHG¶XQFRPSRUWHPHQWGHELDLVDG¶LQGpSHQGDQFHEGH
FRUUpODWLRQVSDWLDOHFWHPSRUHOOHGRXVSDWLRWHPSRUHOOHG



)LJXUH5HSUpVHQWDWLRQGHODGLVWULEXWLRQERvWHVjPRXVWDFKHVGHO¶LQGLFHGHYDULDWLRQ
GH O¶HQVHPEOH GHV VLPXODWLRQV 6HQV SDU UDSSRUW j OD VLPXODWLRQ GH UpIpUHQFH 6UHI SRXU OHV
K\SRWKqVHVGHFRUUpODWLRQGXFKDPSG¶HUUHXU
a) b) c)
d) e)
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 L’erreur TAPEER et les différentes constellations 
(QILQ O¶HUUHXU G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV GH7$33(5HVW FRPSDUpH HQ IRQFWLRQ GH OD
FRQVWHOODWLRQXWLOLVpH/¶HUUHXUpWDQWDSSOLTXpHVHORQO¶K\SRWKqVHTX¶HOOHQHSUpVHQWHSDVGHFRUUpODWLRQ
VSDWLDOHRXWHPSRUHOOH/HVGLVWULEXWLRQVGHVYDOHXUVDEVROXHVHWUHODWLYH)LJXUHGHVHUUHXUVGHV
SUpFLSLWDWLRQVDYHF OHVFRQVWHOODWLRQVVDQV6$3+,5HWVRQWVLPLODLUHVjFHOOHGH ODFRQVWHOODWLRQ
RULJLQDOH GH7$3((5  HOOHV YDULHQW HQWUH  HW PP HW VRQW SULQFLSDOHPHQW FRPSRVpHV G¶HUUHXUV
LQIpULHXUHVjPP)LJXUHSDQQHDX[VXSpULHXUV'HSOXVGHODPrPHPDQLqUHTXHSRXUOD
FRQVWHOODWLRQRULJLQDOHGH7$3((5 OHXUVYDOHXUV UHODWLYHV )LJXUHSDQQHDX[ LQIpULHXUV VRQW
IRUWHVSRXUOHVIDLEOHVFXPXOVHWGLPLQXHQWDYHFO¶LQWHQVLWp6XLWHjODVXSSUHVVLRQWRWDOHGHVGRQQpHV
02OHVYDOHXUVDEVROXHVHWUHODWLYHVGHVHUUHXUVDXJPHQWHQW/¶HUUHXUHQYDOHXUDEVROXHYDULHDORUV
HQWUHHWPPDYHFXQHPDMRULWpG¶HUUHXUVLQIpULHXUHVjPP

a) TAPEER sans SAPHIR b) TAPEER constellation 98 c) TAPEER sans MO 
)LJXUH  'LVWULEXWLRQ GHV HUUHXUV HVWLPpHV SDU7$3((5HQPP SDQQHDX[ VXSpULHXUV HW
UHSUpVHQWDWLRQ GH O¶HUUHXU HQ SRXUFHQWDJH GHV SUpFLSLWDWLRQV HVWLPpHV HQ IRQFWLRQ GHV
SUpFLSLWDWLRQVSDQQHDX[LQIpULHXUVSRXUOHVGLIIpUHQWHVFRQVWHOODWLRQVGpJUDGpHV

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/HV)LJXUHHW)LJXUHSUpVHQWHQWOHVUpVXOWDWVGHVVLPXODWLRQVEDVpHVVXUODSOXLHDYHF6HQV
RXVDQV6UHIHUUHXUDOpDWRLUHSRXUOHVGLIIpUHQWHVYHUVLRQVGHVFRQVWHOODWLRQVGpJUDGpHVGH7$3((5
&HVUpVXOWDWVPHWWHQWHQpYLGHQFHTXHODGLVSHUVLRQGHV6HQVDXWRXUGH6UHIHVWUHODWLYHPHQWIDLEOHSRXU
OHVGLIIpUHQWHVFRQVWHOODWLRQVGpJUDGpHVHWpTXLYDOHQWHDX[UpVXOWDWVREWHQXVDYHFODYHUVLRQRULJLQDOH
GHODFRQVWHOODWLRQGH7$3((5/¶LPSDFWVXUODPRGpOLVDWLRQGHODFRUUpODWLRQGXFKDPSG¶HUUHXUHVW
SOXV LPSRUWDQW TXH OD GpJUDGDWLRQ GH OD FRQVWHOODWLRQ02 (Q UHYDQFKH OD VXSSUHVVLRQ WRWDOH GH
PHVXUHV02HQWUDvQHOHPD[LPXPG¶HUUHXUGDQVOHGpELWVLPXOp6LGDQVFHFDVO¶LQGLFHGHYDULDWLRQ
HVWSOXVIDLEOHTXHSRXUOHVDXWUHVFRQVWHOODWLRQVF¶HVWHQUDLVRQGHODWUqVIRUWHYDOHXUGH6UHI
 
  
)LJXUH+\GURJUDPPHVGX1LJHUj1LDPH\SRXUO¶DQQpHK\GURORJLTXHGpELWREVHUYp
HQSRLQWLOOpVQRLUVHWGpELWVVLPXOpVjSDUWLUGHVSUpFLSLWDWLRQVLVVXHVGHVSOXLHV7$3((5VDQV
HUUHXUOLJQHURXJHHWjSDUWLUGHVHQVHPEOHVGHSUpFLSLWDWLRQVSRXUOHVTXHOVO¶HUUHXUHVWDSSOLTXpH
OLJQHVJULVHVDYHFO¶K\SRWKqVHG¶LQGpSHQGDQFHSRXUODFRQVWHOODWLRQVDQV6$3+,5FEHW
VDQV02F

)LJXUH'LVWULEXWLRQERvWHVjPRXVWDFKHVGHO¶LQGLFHH[SULPDQWGHGLVSHUVLRQGHVHQVHPEOHV
GHVLPXODWLRQ6HQVDSSOLFDWLRQG¶XQHHUUHXULQGpSHQGDQWHSDUUDSSRUWjODVLPXODWLRQGHUpIpUHQFH
6UHISRXUODFRQVWHOODWLRQVDQV6$3+,5FEHWVDQV02F
 
a) b) 
a) b) c) 
c) 
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 &HFKDSLWUHFRQVWLWXHXQHpWXGHSURVSHFWLYHGXSRWHQWLHOK\GURORJLTXHGXQRXYHDXSURGXLW
7$3((5GHODPLVVLRQ07FHSURGXLWGDQVVDYHUVLRQDFWXHOOHHVWGLVSRQLEOHSRXUOHVDQQpHV
HW&HWWHpWXGHWRXMRXUVEDVpHVXUOHPRGqOH,6%$75,3LPSOpPHQWpVXUOHEDVVLQ
GXELHI$QVRQJR1LDPH\Q¶HVWPHQpHTXHVXUODVDLVRQK\GURORJLTXH'¶XQHSDUWSDUFHTXHOD
TXDOLWpGXGpELWREVHUYpj$QVRQJRHQHWHQJHQGUHUDLWXQHIRUWHLQFHUWLWXGHVXUOHGpELW
VLPXOp(WG¶DXWUHSDUWSDUFHTXHOHVHVWLPDWLRQVGHVSUpFLSLWDWLRQVjSDUWLUGHVFRQVWHOODWLRQV02
GpJUDGpHVQHVRQWGLVSRQLEOHVTXHVXUFHWWHSpULRGH
 /HVUpVXOWDWVGHPRGpOLVDWLRQSRXUO¶DQQpHPRQWUHQWTXHPDOJUpXQHVRXVHVWLPDWLRQGX
SLFGHFUXHQRWDEOHpJDOHPHQWDYHFG¶DXWUHVSURGXLWVODVLPXODWLRQEDVpHVXUOHIRUoDJH7$3((5
GpVDJUpJpWHPSRUHOOHPHQWGHPDQLqUHQRQXQLIRUPHSUpVHQWHGHERQQHVSHUIRUPDQFHV16( 
/D VLPXODWLRQ K\GURORJLTXH EDVpH VXU 7$3((5 D pJDOHPHQW XQH ERQQH FDSDFLWp j GpWHFWHU OHV
LQRQGDWLRQVjO¶pFKHOOHMRXUQDOLqUHDYHFODPpWKRGHGXVHXLODEVROX32' HW)$5 &H
UpVXOWDWFODVVH7$3((5SDUPLOHVSURGXLWVSUpVHQWDQWOHSOXVIRUWSRWHQWLHOK\GURORJLTXHDXPrPH
WLWUH TXH OHV SURGXLWV LQVLWX RX VDWHOOLWHV SRVWDMXVWpV HW GHYDQW OHV DXWUHV SURGXLWV VDWHOOLWHV SXU
&HSHQGDQWFHVERQVUpVXOWDWVGRLYHQWrWUHSRQGpUpVSDUODFRXUWHSpULRGHVXUODTXHOOHO¶DQDO\VHHVW
HIIHFWXpH(QHIIHWSRXUO¶HQVHPEOHGHVSURGXLWVGpMjWHVWpVVXUXQHSpULRGHSOXVORQJXH
FKDSLWUH ODGpWHFWLRQG¶LQRQGDWLRQHVWSDUWLFXOLqUHPHQWSHUIRUPDQWHSRXU O¶DQQpHPDLV VH
GpJUDGHVLJQLILFDWLYHPHQWTXDQGXQHGpFHQQLHHQWLqUHHVWFRQVLGpUpH8QHpWXGHVXUXQHSpULRGHSOXV
ORQJXHHVWQpFHVVDLUHSRXUFRQILUPHU OHVSHUIRUPDQFHVGH7$3((5 ,O VHUDLWGHSOXVSHUWLQHQWGH
WHVWHUOHVFDSDFLWpVGHFHQRXYHDXSURGXLWVXUG¶DXWUHVEDVVLQVWURSLFDX[
 /HVSHUIRUPDQFHVGXSURGXLW7$3((5VRQWFHSHQGDQWGpSHQGDQWHVGHVGRQQpHVXWLOLVpHVSRXU
HVWLPHUOHVSUpFLSLWDWLRQV(QHIIHWOHVGRQQpHV02VRQWLQGLVSHQVDEOHVSRXUFRQVWUXLUHXQSURGXLW
VXIILVDPPHQW SUpFLV SRXU GHV DSSOLFDWLRQV K\GURORJLTXHV 6XU OH VLWH HW OD SpULRGH FRQVLGpUpV OD
GLPLQXWLRQGHVGRQQpHV02HQJHQGUHXQH HUUHXU VXU OHGpELW VLPXOp/DVXSSUHVVLRQGH6$3+,5
HQJHQGUHXQELDLVQpJDWLIVXUODSOXLHHWODVXSSUHVVLRQGHV'063HWXQELDLVSRVLWLISRXUOHV
SOXLHVOHVSOXVLQWHQVHVHQFRPSDUDLVRQjODFRQVWHOODWLRQQDWLYH&HVYDULDWLRQVVXUOHVSOXLHVVH
SURSDJHQWGDQVODPRGpOLVDWLRQHWHQJHQGUHQWXQHHUUHXUSOXVLPSRUWDQWHVXUOHGpELWVLPXOpTXHOD
YHUVLRQQRPLQDOHGH7$3((5/HIRUWELDLVSRVLWLIGDQVOHVSUpFLSLWDWLRQVHQJHQGUpSDUODVXSSUHVVLRQ
WRWDOHGHGRQQpH02QHSHUPHWSDVG¶XWLOLVHUXQWHOSURGXLWSRXUODVLPXODWLRQK\GURORJLTXHSRXU
XQHpWXGHEDVpHVXUOHVYDOHXUVDEVROXHVGHGpELW
 (QILQO¶DQDO\VHGHO¶HUUHXUDVVRFLpHDX[HVWLPDWLRQVGHVSUpFLSLWDWLRQVIRXUQLHVSDUOHSURGXLW
7$3((5 DLQVL TXH VRQ DSSOLFDWLRQ RQW pWp DERUGpHV GDQV FH FKDSLWUH WRXMRXUV GH PDQLqUH
SURVSHFWLYH/¶HUUHXUDEVROXHQHGpSDVVHSDVPP6LHOOHHVWFRQVLGpUpHGHPDQLqUHUHODWLYHDXFXPXO
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GHSOXLHHOOHHVW WUqVIRUWHSRXUOHVFXPXOVIDLEOHVHWGLPLQXHDYHFO¶LQWHQVLWp MXVTX¶jDUULYHUjGH
IDLEOHVYDOHXUVSRXUOHVLQWHQVLWpVOHVSOXVIRUWHV/¶LPSDFWGHO¶HUUHXUGpSHQGGHODPDQLqUHGRQWHOOH
HVWDSSOLTXpH VXU OHVFXPXOVGHSUpFLSLWDWLRQ3OXV O¶HUUHXUHVW FRUUpOpH VSDWLRWHPSRUHOOHPHQW HW
SOXVHOOHLPSDFWHOHGpELW/¶LPSDFWGHODFRUUpODWLRQGHO¶HUUHXUHVWG¶DLOOHXUVSOXVLPSRUWDQWTXHOD
GLPLQXWLRQGHODEDVHGHGRQQpHV02/DUpHOOHFRUUpODWLRQGHO¶HUUHXUpWDQWLQFRQQXHOHVWHVWVRQW
pWp UpDOLVpV DYHF GHV GLVWDQFHV GH GpFRUUpODWLRQ VSDWLDOHV GH  HW WHPSRUHOOHV GH M 0DLV XQH
PHLOOHXUHFRQQDLVVDQFHGHO¶DXWRFRUUpODWLRQUpHOOHGHO¶HUUHXUHVWQpFHVVDLUHSRXUDOOHUSOXVORLQGDQV
O¶DSSOLFDWLRQSUpFLVHGHVFKDPSVGHSOXLHVXUOHFXPXOGHVSUpFLSLWDWLRQV'HX[SRVVLELOLWpVV¶RIIUHQW
j O¶HVWLPDWLRQ GH O¶DXWRFRUUpODWLRQ GX FKDPS G¶HUUHXU GHV PpWKRGHV GH PRGpOLVDWLRQ RX GHV
PpWKRGHVHPSLULTXHVYLDXQHHVWLPDWLRQGHO¶HUUHXUSDUFRPSDUDLVRQjXQFKDPSGHSOXLHLVVXGH
PHVXUHVGHQVHVVXUXQHJUDQGHVXUIDFHWHOOHTXHGpYHORSSpHSDU+RVVDLQHW$QDJRVWRX&HV
SHUVSHFWLYHV VRQW HVVHQWLHOOHV j O¶XWLOLVDWLRQ FRUUHFWH GH O¶HUUHXU DVVRFLpH DX[ HVWLPDWLRQV GH
SUpFLSLWDWLRQV
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Chapitre 7 L’hydrologie du Niger à Niamey depuis 1950 : 
facteurs climatiques et environnementaux 



KLVWRLUH GHV FKDQJHPHQWV K\GURORJLTXHV GX 1LJHU GHSXLV OHV DQQpHV  HVW
WXPXOWXHXVHHWQ¶DSDVHQFRUHOLYUpWRXVVHVVHFUHWV/HVIDFWHXUVTXLODIDoRQQHQWVRQW
HQSHUSpWXHOFKDQJHPHQWHW LQWLPHPHQWOLpV OHVXQVDX[DXWUHV/HVYDULDWLRQVFOLPDWLTXHVSHXYHQW
HQWUDvQHU GHV FKDQJHPHQWV GH FRXYHUWXUH YpJpWDOH TXL LQGXLVHQW GH QRXYHOOHV FDUDFWpULVWLTXHV
K\GURORJLTXHVGHVVROV/HVDFWLRQVDQWKURSLTXHVTXLSHXYHQWDXVVLrWUHJXLGpHVSDUOHVFRQGLWLRQV
FOLPDWLTXHV HQ SOXV GH OD GpPRJUDSKLH pYROXHQW HW LQGXLVHQW pJDOHPHQW GHV FKDQJHPHQWV
K\GURORJLTXHV6¶DMRXWHQW OHVYDULDWLRQVGXUpVHDXGHGUDLQDJHGDQVO¶HQYLURQQHPHQW6DKpOLHQR
OHVNRULVSHXYHQWFKDQJHUGHOLWG¶XQHDQQpHjO¶DXWUHHWROHXUFRQWULEXWLRQDXOLWSULQFLSDOGX1LJHU
YDULHGDQVOHWHPSV&HVFKDQJHPHQWVSHXYHQWrWUHGXVSDUH[HPSOHjGHVYDULDWLRQVFOLPDWLTXHV
WHOOHTX¶XQHLQWHQVLILFDWLRQGHVSOXLHVHQWUDvQDQWGHVUXSWXUHVG¶HQGRUpLVPHHWRXGHVYDULDWLRQVGH
FRXYHUWYpJpWDOIDYRULVDQWFHUWDLQVFKHPLQVGHO¶HDX
/¶LPSDFWGHFKDFXQGHFHVIDFWHXUVVXUOHVYDULDWLRQVK\GURORJLTXHVGX1LJHUj1LDPH\HVW
FRPSULVG¶XQSRLQWGHYXHWKpRULTXH0DLVOHXUU{OHFRQMRLQWRXGLIIpUpGDQVOHWHPSVHVWHQFRUHHQ
GLVFXVVLRQHWUHVWHGLIILFLOHjDWWULEXHU&HFKDSLWUHDERUGHOHGHUQLHUYROHWGHVREMHFWLIVGHFHWWHWKqVH
HWYLVHjPHWWUHHQpYLGHQFHOHU{OHGHVYDULDWLRQVFOLPDWLTXHVSUpFLSLWDWLRQVGDQVOHVFKDQJHPHQWV
K\GURORJLTXHV ORQJ WHUPHGH OD FUXH5RXJHj1LDPH\/DPRGpOLVDWLRQ K\GURORJLTXH JUkFH j VD
FDSDFLWp j GpFRPSRVHU OHV VHQVLELOLWpV HVW XWLOLVpH SRXUPHWWUH HQ pYLGHQFH OH U{OH GHV GLIIpUHQWV
IDFWHXUVLPSOLTXpVGDQVOHVYDULDWLRQVGHODFUXH5RXJH/¶pWXGHVHEDVHVXUOHPRGqOH,6%$75,3
DXUHJDUGGHVHVFDSDFLWpVjGpWHFWHUOHVWHQGDQFHVDQQXHOOHVG¶RFFXUUHQFHGHVFUXHVFKDSLWUH
8QH pWXGH SUpOLPLQDLUH SXEOLpH GDQV OD UHYXH 3URFHHGLQJ RI ,QWHUQDWLRQDO$VVRFLDWLRQ RI
+\GURORJLFDO6FLHQFHV&DVVHHW*RVVHWDQQH[H9, LQWURGXLW OHSRWHQWLHOGHFHWWHDSSURFKH
7RXMRXUV GDQV O¶RSWLTXH GH PHWWUH HQ pYLGHQFH OH SRWHQWLHO GHV SURGXLWV G¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQV VDWHOOLWHV HOOH VHEDVHVXU OHSURGXLW3(56,$11&'5GLVSRQLEOHGHSXLV/HV
/¶
 CHAPITRE 7 | L’hydrologie du Niger à Niamey depuis 1950 : facteurs climatiques et environnementaux  
 
174 
 
UpVXOWDWV RQW PLV HQ pYLGHQFH OD SRVVLELOLWp GH VLPXOHU OHV JUDQGHV WHQGDQFHV GHV FKDQJHPHQWV
K\GURORJLTXHV REVHUYpV j 1LDPH\ GHSXLV  VDQV SUHQGUH HQ FRPSWH XQH pYROXWLRQ GHV
FKDQJHPHQWVG¶XWLOLVDWLRQGXVRO/HVFRQGLWLRQVUpFHQWHVGHYpJpWDWLRQHWGHUpVHDX[K\GURORJLTXHV
SHUPHWWHQWGRQF OD VLPXODWLRQGHV WHQGDQFHVK\GURORJLTXHVREVHUYpHVGHSXLV OHVDQQpHV OHV
SUpFLSLWDWLRQVpWDQWOHSULQFLSDOPRWHXUGHYDULDWLRQV
&H FKDSLWUH SUpVHQWH OD FRQWLQXLWp GH FHWWH pWXGH SRXU DSSURIRQGLU O¶DQDO\VH GX U{OH GHV
SUpFLSLWDWLRQV/DSpULRGHG¶pWXGHDpWppWHQGXH MXVTX¶HQSRXUSUHQGUHHQFRPSWH OHV WURLV
SpULRGHVFOLPDWLTXHVHWK\GURORJLTXHVELHQFRQQXHVTXHO¶$IULTXHGHO¶2XHVWDWUDYHUVpHV/HF°XU
GHFHFKDSLWUHHVWFRQVWLWXpGHO¶DUWLFOH0RGHOEDVHGVWXG\RIWKHUROHRIUDLQIDOODQG/DQG8VH/DQG
&RYHULQWKHFKDQJHVLQ1LJHU5HGIORRGVRFFXUUHQFHDQGLQWHQVLW\LQ1LDPH\EHWZHHQDQG
VRXPLV j OD UHYXH +(66 ,O LQWURGXLW OHV SUREOpPDWLTXHV DXWRXU GHV FKDQJHPHQWV pFRK\GUR
PpWpRURORJLTXHVHQ$IULTXHGHO¶2XHVWHWGDQVOHEDVVLQGX1LJHUDLQVLTXHODSRVVLELOLWpG¶XWLOLVHUOD
PRGpOLVDWLRQ FRPPH OHYLHU SRXU GpFRPSRVHU OHV VHQVLELOLWpV GH O¶K\GURORJLH DX[ SOXLHV j OD
FRXYHUWXUH GX VRO HW j OD WDLOOH GX UpVHDX GH GUDLQDJH 'LIIpUHQWV SURGXLWV G¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQV VRQW XWLOLVpV GRQW XQ VHXO GLVSRQLEOH VXU OD SpULRGH HQWLqUH HW LVVX G¶XQ
UpVHDXLQVLWX±.5,*±HWGHX[GLVSRQLEOHVVHXOHPHQWGHSXLV±&3&HW3(56,$11&'5'DQV
XQSUHPLHUWHPSVOHVYDULDWLRQVSOXYLRPpWULTXHVHWK\GURORJLTXHVREVHUYpHVVRQWDQDO\VpHV3XLVOD
PRGpOLVDWLRQ HVW XWLOLVpH SRXU GpWHUPLQHU VL OHV SUpFLSLWDWLRQV VHXOHV SHXYHQW H[SOLTXHU OHV
FKDQJHPHQWVK\GURORJLTXHVG¶DERUGVXUODSpULRGHDYHFWRXVOHVSURGXLWVSXLVHQWUH
HWDYHF.5,*/HVU{OHVGHVFKDQJHPHQWVG¶XWLOLVDWLRQGXVROHWGHODWDLOOHGXUpVHDXGH
GUDLQDJHVRQWLQYHVWLJXpVTXDQGODSOXLHVHXOHQHSHXWSOXVH[SOLTXHUOHVFKDQJHPHQWVK\GURORJLTXHV

 
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0RGHOEDVHGVWXG\RIWKHUROHRIUDLQIDOODQG/DQG8VH
/DQG&RYHULQWKHFKDQJHVLQ1LJHU5HGIORRGVRFFXUUHQFH
DQGLQWHQVLW\LQ1LDPH\EHWZHHQDQG


&&DVVH0*RVVHW79LVFKHO*4XDQWLQ%$7DQLPRXQ
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*(7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
2EVHUYDWRLUH0LGL3\UpQpHV7RXORXVH)UDQFH
/DERUDWRLUHGHV7UDQVIHUWVHQ+\GURORJLHHW(QYLURQQHPHQW/7+(805&156,5'
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)UDQFH
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

6XEPLVVLRQWR+(66
BBBBBBBBBBBBBBBBBBBB







&RUUHVSRQGLQJDXWKRUDGGUHVV
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
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 ,QWURGXFWLRQ
7KH6DKHO UHJLRQ KDV RYHUFRPHGUDVWLF FKDQJHV RYHU WKH ODVW \HDUV7KH ORQJGURXJKW WKDW
RFFXUUHGLQWKHVDQGV/DPE/H%DUEpDQG/HEHO1LFKROVRQHWDO&DPEHULQ
HWDO/H%DUEpHWDO/¶+{WHHWDO'DLHWDO/HEHODQG$OL3DQWKRXHW
DOLVFRQVLGHUHGDVRQHRIWKHVWURQJHVWFOLPDWLFVLJQDORIWKHWKFHQWXU\/¶+{WHHWDO
'DLHWDO1DULVPDHWDO,QDGGLWLRQWRGUDPDWLFFRQVHTXHQFHVRQWKHSRSXODWLRQWKLV
GURXJKWLQGXFHGORQJWHUPFKDQJHVRQWKHHFRDQGK\GURV\VWHPV6LQFHWKHVWKHUHJLRQKDVFRPH
EDFNWRZHWWHUFRQGLWLRQVHYHQWKRXJKWKHDQQXDOUDLQIDOOLVQRWEDFNWRWKHOHYHOVUHDFKHGLQWKHV
RU V 7KLV UHFHQW UHFRYHU\ LV KHWHURJHQLF RYHU WKH 6DKHO ZLWK GU\ FRQGLWLRQV SHUVLVWLQJ LQ WKH
:HVWHUQPRVW SDUW 1LFKROVRQ HW DO /¶+{WH HW DO 'LD HW DO /HEHO HW$OL 
3DQWKRXHWDO,QWKH&HQWUDO(DVW6DKHOWKHUDLQIDOOGHILFLW LVGURSSLQJRYHUWKHODVWGHFDGH
LQWHUDQQXDOYDULDELOLW\ LVVWURQJ'DLHWDODQGUDLQIDOODSSHDUVPRUH LQWHQVHPRUHH[WUHPH
HYHQWVWKDQLQWKHVDQGV3DQWKRXHWDO
&RQFXUUHQW ZLWK WKHVH FOLPDWLF YDULDWLRQV :HVW $IULFD KDV H[SHULHQFHG PDMRU K\GURORJLFDO
FKDQJHV7KH1LJHULV WKH ODUJHVWULYHURI:HVW$IULFDDQGJRHVWKURXJKDVWURQJFOLPDWLFJUDGLHQW
IURP WKH KXPLG*XLQHDQ UHJLRQ WR WKH VXEGHVHUWLF 6DKDUD DQG WKURXJK WKH VHPLDULG 6DKHO 7KH
K\GURORJLFDOUHVSRQVHWRWKHH[WHQGHGGURXJKWRIWKHVVKDVEHHQGLIIHUHQWLQWKHYDULRXVVXE
UHJLRQVRIWKH1LJHUEDVLQ,QWKH*XLQHDQUHJLRQWKHGLVFKDUJHGHILFLWZDVWZLFHDVLPSRUWDQWDVWKH
UDLQIDOOGHILFLW%ULTXHWHWDO0DKpHWDO0DKp3DWXUHOHWDO$IWHUWKHV
VWKHGLVFKDUJHGHILFLWRIWKH%DQLWKHPDLQWULEXWDU\RIXSSHU1LJHU5LYHUFRPSDUHGWRWKHV
UHDFKHG  0DKp HW DO 'XULQJ WKH VDPHGU\ \HDUV WKH SKHQRPHQRQNRZQ DV ³VDKHOLDQ
SDUDGR[´'HVFURL[HWDOZDVREVHUYHGLQPDQ\SDUWRIWKH6DKHODQLQFUHDVHLQUXQRIIGHVSLWH
WKHGHILFLWLQUDLQIDOO$OEHUJHO$PDQLDQG1JXHWRUD0DKpHWDO7KLV
SKHQRPHQRQUHVXOWHGLQDGLVFKDUJHLQFUHDVHLQH[RUHLFEDVLQV$PDQLDQG1JXHWRUD0DKpHW
DO'HVFURL[HWDO$PRJXHWDODQGLQODUJHUSRQGVXUIDFHVLQILOWUDWLRQ
DQGZDWHUWDEOHOHYHOVLQWKHHQGRUKHLFDUHDV'HVFRQQHWHWDO/HGXFHWDO)DYUHDXHW
DO*DUGHOOHHWDO
7KH GLVFKDUJH RI WKH 1LJHU 5LYHU LQ 1LDPH\ WKH FDSLWDO FLW\ RI 1LJHU LV LPSDFWHG E\ WKH
K\GURORJLFDOEHKDYLRXURIERWKWKHXSSHU1LJHUEDVLQDQGRIWKHVDKHOLDQWULEXWDULHV7KHUDLQIDOOLQ
WKHXSSHU1LJHUWULJJHUVWKH³*XLQHDQIORRG´ZKLFKSURSDJDWHVVORZO\DQGRFFXUVLQ1LDPH\DIWHU
                                                             
ZKHUHWKHK\GURJUDSKLFQHWZRUNGRHVFRQQHFWWRDULYHUDQGRUWRWKHRFHDQ
ZKHUHWKHK\GURJUDSKLFQHWZRUNGRHVQRWFRQQHFWWRDULYHU
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WKHUDLQ\VHDVRQDURXQG-DQXDU\0LOORW3DUGp'HVFURL[HWDO6LJKRPQRXHWDO
7KHUDLQIDOOGUDLQHGE\WKH6DKHOLDQWULEXWDULHVLQWKHYLFLQLW\RI1LDPH\VXSHULPSRVHVRQWKH
1LJHU5LYHUIORZVDQGWULJJHUVWKH³5HGIORRG´³UHG´UHIHUVWRWKHFRORXURIWKHZDWHUORDGHGLQLURQ
R[LGHVHGLPHQWGXULQJWKLVSHULRG0LOORW3DUGp'HVFURL[HWDO6LJKRPQRXHWDO
%HIRUHWKHUDLQIDOOGHILFLWRIWKHVVWKHK\GURJUDSKLQ1LDPH\ZDVVLQJOHSHDNHGWKH5HG
IORRGZDVORZHUDQGDOPRVWPHUJHGZLWKWKH*XLQHDQIORRG*UDGXDOO\DIWHUWKHVVWKHUXQRII
LQFUHDVHGLQWKHVDKHOLDQWULEXWDULHVHQKDQFLQJWKHLUFRQWULEXWLRQWRWKH5HGIORRG&RQVHTXHQWO\WKH
K\GURJUDSKLQ1LDPH\HYROYHGIURPD³RQHSHDN´WRD³WZRSHDN´VKDSH$PDQLDQG1JXHWRUD
0DKp HW DO $PRJX HW DO  6LJKRPQRX HW DO 'HVFURL[ HW DO  SRHWLFDOO\
GHVFULEHGWKLVSKHQRPHQRQDV³WKHGURPHGDU\EHFDPHDFDPHO´7KHLQFUHDVLQJLQWHQVLW\RIWKH5HG
IORRGLQWKHODVWGHFDGHKDVHQKDQFHGWKHLQXQGDWLRQULVNFDXVLQJGUDPDWLFKXPDQDQGPDWHULDOORVVHV
,Q    DQGZDWHU OHYHOV DQG GXUDWLRQ RI WKH LQXQGDWLRQZHUH WKH KLJKHVW HYHU
UHFRUGHGVLQFHWKHEHJLQQLQJRIREVHUYDWLRQVLQ6LJKRPQRXHWDO
7KHUHDVRQVIRUWKLVGUDPDWLFLQFUHDVHLQWKHIORRGULVNLQ1LDPH\DUHVWLOOGHEDWHGE\WKHVFLHQWLILF
FRPPXQLW\3UHYLRXVVWXGLHV$PDQLDQG1JXHWRUD0DKpHWDO$PRJXHWDO'HVFURL[
HWDOKDYHLQYRTXHGWKHLQFUHDVHRIWKHUXQRIIFRHIILFLHQWLQWKUHHPDLQWULEXWDULHVRIWKH1LJHU
EHIRUH1LDPH\WKH*RURXRO'DUJRODQG6LUED ULYHUVVLQFH WKHV6HYHUDODXWKRUV6HJXLVHWDO
/HEODQFHWDO'HVFURL[HWDODWWULEXWHGWKLVK\GURORJLFDOFKDQJHVWR/DQG
8VH DQG /DQG &RYHU /8/& FKDQJHV ,Q 6DKHO UXQRII LV LQGHHG PDLQO\ FRQWUROOHG E\ VXUIDFH
FRQGLWLRQV&ROOLQHWHW9DOHQWLQ$OEHUJHOHWDO&D]HQDYHHW9DOHQWLQZKLFKKDYH
EHHQFKDQJLQJXQGHUFOLPDWLF+LHUQDX[DQG/H+RXpURX/HEODQFHWDODQGDQWKURSLF
SUHVVXUHZRRGKDUYHVWLQJ3HOWLHUHWDO/HEODQFHWDORUFURSH[WHQVLRQ9DOHQWLQHWDO
5HFHQWO\VPDOOVFDOHFKDQJHVLQWKHK\GURJUDSKLFDOQHWZRUNLQWKHYLFLQLW\RI1LDPH\KDYH
EHHQLQYRTXHGDVDSRVVLEOHGULYHUIRU5HGIORRGLQFUHDVH$PRJXHWDO'HVFURL[HWDO
0DPDGRXHWDO,QVRPHSDUWVRIWKH1LJHUOHIWEDQNZKLFKXVHGQRWWRFRQWULEXWHWRWKHULYHU
HQGRUHLVPKHDY\UXQRIIKDVLQFUHDVHGWKHQHWZRUNFRQQHFWLRQ/HEODQFHWDO$PRJXHWDO
DQGRSHQHGQHZZDWHUFKDQQHOVWRWKHPDLQULYHU7KHUROHRIDFKDQJLQJUDLQIDOOUHJLPHLQWKH
IORRGULVN LQFUHDVH LVDOVRDQRSHQTXHVWLRQ1NDHWDO5HFHQWVWXGLHV LPSO\WKDWUDLQIDOO LV
LQWHQVLI\LQJLQ6DKHO3DQWKRXHWDO,QDUHJLRQZKHUHWKHUXQRII LVYHU\GHSHQGHQWRQKLJK
UDLQIDOOLQWHQVLWLHV9LVFKHOHW/HEHO&DVVHHWDODVWURQJK\GURORJLFDOUHVSRQVHWRUDLQIDOO
H[WUHPHVLVH[SHFWHG
7KH LQWHUDFWLRQVDQGFRRFFXUUHQFHRI WKH/8/&ZDWHUSDWKZD\DQGUDLQIDOOFKDQJHVRYHUWKH
SDVWGHFDGHVPDNHVLWGLIILFXOWWRDWWULEXWHWKHIORRGULVNLQFUHDVHRQWKHEDVLVRIREVHUYDWLRQVDORQH
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8QOLNH WKH LQWULFDWH UHDOLW\ PRGHOV DOORZ WHVWLQJ WKH LQIOXHQFHV RI HDFK SURFHVVH RU YDULDEOH
LQGHSHQGHQWO\0RGHOEDVHGVWXGLHVKDYHGHVFULEHGWKHUROHRI/8/&RQUXQRIILQ:HVW$IULFD0DKp
HWDO/LHWDO0DQ\DXWKRUVXVHGK\GURORJLFDOPRGHOOLQJEDVHGRQGLIIHUHQWVFDOHEDVLQ
GDWDVHWDQGPRGHO WRLQIHU WKHUROHRIFOLPDWHDQG/8/&RQK\GURORJLFDOFKDQJHV LQ:HVW$IULFD
VLQFH 6HJXLVHWDO'¶2UJHYDO DQG3ROFKHU
$LFKHWDO7KHFRQFOXVLRQVGLIIHUDPRQJWKHVHVWXGLHV'¶2UJHYDODQG3ROFKHUIRXQG
WKDW/8/&ZDVOHVVLPSRUWDQWWKDQUDLQIDOOFKDQJHVLQFRQWUDVWWR6HJXLVHWDOZKLOH$LFKHW
DOFRQFOXGHGRQWKHUROHRIERWK/8/&DQGFOLPDWH1RQHRIWKHVHVWXGLHVLQFOXGHWKHPRVW
UHFHQW SHULRG DQG WKH UHFRUG5HG IORRGVRI  DQG&DVVH DQG*RVVHW  SUHVHQWHG D
SUHOLPLQDU\ZRUNEDVHGRQDVDWHOOLWHUDLQIDOOSURGXFW3(56,$11&'5EHWZHHQDQG
7KH\VKRZHG WKDW UDLQIDOO YDULDELOLW\DORQHFRXOGH[SODLQ WKHREVHUYHGFKDQJHV LQ WKH1LJHU ULYHU
K\GURJUDSKLQ1LDPH\RYHUWKHODVW\HDUV
7KLVSDSHUDQDO\VHVWKHHYROXWLRQRIWKH1LJHU5HGIORRGLQ1LDPH\IURPWREDVHGRQ
ORQJWHUPUHFRUGVRIUDLQIDOODQGGLVFKDUJHDQGDK\GURORJLFDOPRGHO,WLQYHVWLJDWHVWKHVHQVLWLYLW\
RI WKH K\GURORJLFDO UHVSRQVH WR UDLQIDOO YDULDELOLW\ DQG DOVR WR/8/&DQGGUDLQDJH DUHD FKDQJHV
&DVVHDQG*RVVHW KLJKOLJKWHGWKHUROHRIUDLQIDOORYHUWKHODVWGHFDGHV7KHSUHVHQWZRUN
LQYHVWLJDWHVLIVLPLODUFRQFOXVLRQVFDQEHGUDZQZKHQDORQJHUSHULRGWKDWLQFOXGHVWKHVVZHW
FRQGLWLRQV DQG WKH VV GURXJKWV LV FRQVLGHUHG 7KH PRGHO LV ILUVW UXQ ZLWK SUHVHQW /8/&
FRQGLWLRQV LQ RUGHU WR DQDO\VH VROHO\ WKH HIIHFW RI UDLQIDOO YDULDELOLW\ 7KH LPSDFW RI /8/& DQG
GUDLQDJHDUHDPRGLILFDWLRQLVLQYHVWLJDWHGLQDVHFRQGVWHS7KHQXPHULFDOH[SHULPHQWLVILUVWFDUULHG
RXWRYHUWKHSHULRGZKHUHGLIIHUHQWDQGLQGHSHQGHQWUDLQIDOOSURGXFWVDUHDYDLODEOH7KLV
LVWRYHULI\WKDWSUHYLRXVFRQFOXVLRQVRQWKHK\GURORJLFDOLPSDFWRIUDLQIDOOFKDQJHVRYHUWKHODVW
\HDUVDUHUREXVWDQGLQGHSHQGHQWRIWKHUDLQIDOOGDWDVHW7KHFKDQJHVVLQFHDUHWKHQDQDO\VHG
XVLQJWKHRQO\GDWDVHWDYDLODEOHIRUWKHH[WHQGHGSHULRGEDVHGRQUDLQJDXJHV6HFWLRQGHVFULEHV
WKHVWXG\DUHDWKHGDWDDQGWKHK\GURORJLFDOPRGHOVHWXS6HFWLRQSUHVHQWVWKHREVHUYHGFKDQJHV
LQUDLQIDOODQGGLVFKDUJHRYHU6HFWLRQDQDO\VHVWKHK\GURORJLFDOPRGHORXWSXWFRPSDUHV
WKHVLPXODWHGDQGREVHUYHGFKDQJHVRYHUWKHVL[GHFDGHVDQGGLVFXVVWKHVHQVLWLYLW\WR/8/&DQG
GUDLQDJHDUHDFKDQJHV6HFWLRQJLYHVWKHFRQFOXVLRQVDERXWWKHUROHRIUDLQIDOOYDULDELOLW\DQGRWKHU
VRXUFHVRIFKDQJHLQWKHLQFUHDVHRIWKH5HGIORRGHYHQWVVLQFHWKHV



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 'DWDDQGPHWKRG
 6WXG\DUHDDQGK\GURORJLFDOFRQWH[W
7KLVVWXG\IRFXVHVRQWKHDUHDZKHUHWKHUXQRIIUHVSRQVLEOHIRUWKH5HGIORRGLVSURGXFHG7KLV
DUHDLVVLWXDWHGLQWKHPLGGOH1LJHUEDVLQLQWKHVDKHOLDQEHOWEHWZHHQ$QVRQJR¶1¶(
0DOLDQG1LDPH\¶1¶(1LJHUDVFRQWRXUHGLQUHGLQ)LJWRSOHIWSDQHO7KHULJKW
EDQNRIWKH$QVRQJR1LDPH\UHDFKFROOHFWVPDLQWULEXWDULHV)LJERWWRPOHISDQQHOWKH*RURXRO
LQ$OFRQJXLWKH'DUJROLQ.DNDVVLDQGWKH6LUEDLQ*DUEH\7KHVHDUHWKHILUVWWULEXWDULHVRIWKH
1LJHUULYHUVLQFHWKHLQQHUGHOWD7KH*RURXRO'DUJRODQG6LUEDDUHHSKHPHUDOULYHUVQDPHGNRULV
ZKLFK IORZRQO\GXULQJWKHUDLQIDOO VHDVRQ7KHOHIWEDQNRIWKH1LJHU LQWKHVWXG\]RQHLVPDLQO\
HQGRUKHLF 7KH K\GURJUDSKLFDO QHWZRUN LV RUJDQLVHG LQ FRQQHFWHG SRQGV DQG WKH UXQRII GRHV QRW
FRQWULEXWHPXFKWRWKH1LJHUULYHU$PRJXHWDODQG0DPDGRXHWDOKDYHUHSRUWHG
KRZHYHUWKDWLQSDUWVRIWKHOHIWEDQNWKHK\GURJUDSKLFDOQHWZRUNLVFKDQJLQJDQGZDWHUFKDQQHOVDUH
FUHDWHGGRZQWRWKHPDLQULYHUEHGWKHSKHQRPHQRQLVNQRZQDV³HQGRUKHLFUXSWXUH´DQGLQFUHDVH
WKHUXQRIIFRQWULEXWLRQIURPWKHOHIWEDQNWRWKH1LJHUPDLQVWUHDP

)LJXUH0DSRI WKH1LJHUEDVLQWRSOHIWDQG]RRPRQWKH$QVRQJR1LDPH\UHDFKEDVLQ
ERWWRP ULJKW 7KH UHG FRQWRXUV RQ WKH ERWWRP ULJKW SORWV GHOLQHDWH WKH PDLQ WULEXWDULHV
FRQWULEXWLQJWRWKH5HGIORRG&&DVVHDQG/*DOEDVHGRQ6,(5(0DQG12$$GDWDEDVH
)LJXUHGLVSOD\VWKHGLVFKDUJHUHFRUGHGDW$QVRQJRDQG1LDPH\JDXJLQJVWDWLRQV LQ
DQG LVDJRRG LOOXVWUDWLRQRID VWURQJ5HGIORRG HYHQW LQ1LDPH\$VGLVFXVVHG LQ WKH
LQWURGXFWLRQDQGYLVLEOHLQ)LJEWKHGLVFKDUJHLQ1LDPH\LVWKHVXSHUSRVLWLRQRIWKH*XLQHDQIORRG
DUULYLQJIURPWKHXSSHU1LJHUEDVLQDVVHHQDW$QVRQJR)LJ)LJXUHDDQGRIWKHDGGLWLRQDOUXQRII
JHQHUDWHGLQWKH*RURXRO'DUJRODQG6LUEDEDVLQEHWZHHQ-XO\2FWREHU
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
 
 
)LJXUH'LVFKDUJHRIWKH1LJHULQ$QVRQJRVWDWLRQLQDDQGFDQGGLVFKDUJHRIWKH
1LJHULQ1LDPH\EODFNOLQHDQG$QVRQJRGDVKHGOLQHDIWHUPRUSKLQJVHHWH[WLQEDQG
G7KHGRZQZDUGVEDUVLQEDQGGDUHWKHGDLO\UDLQIDOOLQ$QVRQJR1LDPH\UHDFKEDVLQ
7KHEOXHYHUWLFDOOLQHVLQEDQGFLQGLFDWHWKHEHJLQQLQJDQGWKHHQGRIWKH5HGIORRGSHULRG

 'LVFKDUJHGDWD
)LYHGLVFKDUJHJDXJLQJVWDWLRQVZLWKLQWKHVWXGLHG]RQHDUHXVHGWRDQDO\VHWKHREVHUYHGFKDQJHV
DQGDOVRDVLQSXWFRPSDULVRQIRUWKHPRGHOVLPXODWLRQV$QVRQJR0DOLDWWKHKHDGRIWKHVWXG\]RQH
LV QHHGHG WR DQDO\VH WKH*XLQHDQ IORRG EHIRUH DQ\ LQIOXHQFH RI WKH5HG IORRG RQ WKH GLVFKDUJH
$QVRQJRGDWDLVDOVRQHHGHGDVLQSXWWRWKHK\GURORJLFDOPRGHOVHHEHORZ7KHGLVFKDUJHLQ1LDPH\
LVWKHPDLQIRFXVRIWKLVZRUNDQGLVWKHEHVWTXDOLW\GDWDUHFRUGRIDOOILYH7KHGLVFKDUJHDWWKH
ULJKWEDQNWULEXWDULHVRXWOHWV$OFRQJXL.DNDVVLDQG*DUEH\LVXVHGWRTXDQWLI\WKHORFDOO\JHQHUDWHG
UXQRIIDQGLWVYDULDELOLW\RYHUWKH\HDUV$OOGLVFKDUJHGDWDLVSURYLGHGE\WKH1LJHU%DVLQ$XWKRULW\
$%1GDWDEDVH7KHGDWDVHWFRYHUV\HDUVIURPWRIRU$QVRQJRDQG1LDPH\ZLWKD
VLJQLILFDQWQXPEHURIPLVVLQJGDWDGXULQJORZIORZVZDWHULQ$QVRQJRGXULQJVDQGVDQG
SHULRGIRU$OFRQJL.DNDVVLDQG*DUEH\VWDWLRQVZLWKFRPSOHWHFRPPRQ\HDUV
WRWRWRDQG

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 4XDQWLI\LQJWKH5HGIORRGFRQWULEXWLRQWR1LDPH\¶VGLVFKDUJH
$VWKHVWXG\IRFXVHVRQWKH5HGIORRGLQ1LDPH\DILUVWFKDOOHQJHLVWRLVRODWHWKLVIORRGIURPWKH
*XLQHDQIORRGLQWKH1LDPH\GLVFKDUJHEDVHGRQDYDLODEOHREVHUYDWLRQV)RUUHFHQW\HDUVZKHUHWKH
WZRIORRGVDUHFOHDUO\LQGHSHQGHQW)LJEDQDXWRPDWLFDOJRULWKPEDVHGRQPD[LPDGHWHFWLRQFDQ
EH LPSOHPHQWHG)RUGLVWDQW\HDUVZKHUH WKH WZR IORRGVZHUH DOPRVWPHUJHG )LJG WKH WDVN LV
GLIILFXOW $ WZRVWHS PHWKRG VXLWDEOH IRU ERWK PHUJHG DQG QRQPHUJHG IORRG K\GURJUDSKV LV
LPSOHPHQWHG)LUVWWKHSHULRGZKHUHWKHUXQRIIOHDGLQJWR5HGIORRGRFFXUVLVGHOLPLWHG6HFRQGWKH
5HGIORRGFRQWULEXWLRQLVTXDQWLILHGEDVHGRQFRPSDULQJ1LDPH\¶VDQG$QVRQJR¶VGLVFKDUJH
)RUHDFK\HDUWKH5HGIORRGSHULRGLVGHOLPLWHGEDVHGRQWKHREVHUYHGUDLQ\VHDVRQDVLOOXVWUDWHG
ZLWKWKHYHUWLFDO OLQHVLQ)LJEDQG7KHORQJHVWUDLQIDOOUHFRUGDYDLODEOHIRUWKHZKROH
SHULRGLVXVHGVHHVHFWLRQEHORZ7KHVWDUWLQJGDWHRIWKH5HGIORRGSHULRGLVVHWDVWKHGD\
ZKHQRIWKHDQQXDOUDLQIDOODPRXQWLVUHDFKHG7KHHQGGDWHLVVHWWRWKHGD\ZKHQRIWKH
DQQXDOUDLQIDOOLVUHDFKHGSOXVDGD\PDUJLQ7KHPDUJLQDFFRXQWVIRUWKHWLPHQHHGHGIRUUXQRII
RYHUWKHHQWLUHGUDLQDJHDUHDWRUHDFK1LDPH\
2QFHWKH5HGIORRGSHULRGLVGHOLPLWHGWKHQH[WVWHSLVWRTXDQWLI\WKHSURSRUWLRQRI1LDPH\¶V
GLVFKDUJHDWWULEXWDEOHWRUXQRIILQWKH$QVRQJR1LDPH\VXEEDVLQIURPZKDWLVSURSDJDWLQJIURPWKH
XSSHUEDVLQ7ZRPHWKRGVKDYHEHHQXVHG7KHILUVWPHWKRGDVVXPHVWKDWWKHPDLQUXQRIIFRQWULEXWLRQ
EHWZHHQ$QVRQJRDQG1LDPH\FRPHVIURPWKHULJKWEDQNWULEXWDULHV:LWKWKLVDVVXPSWLRQWKHVXP
RIWKHGLVFKDUJHVFDQEHXVHGDVDSUR[\7KLVPHWKRGKRZHYHURFFXOWVWKHFRQWULEXWLRQRIGLUHFW
UDLQIDOORYHUWKHULYHUEHGRUUXQRIIIURPWKHOHIWEDQN$OVRWKHVWDWLRQUHFRUGVDUHQRWDYDLODEOHRQ
WKHHQWLUHVWXGLHGSHULRG7KHVHFRQGPHWKRGLVEDVHGRQVXEWUDFWLQJWKH$QVRQJR¶VGLVFKDUJHWRWKH
1LDPH\¶VGLVFKDUJH1RWHWKDWGXULQJWKH*XLQHDQIORRG)LJDDQGFWKHGLVFKDUJHLQ$QVRQJRLV
KLJKHUWKDQLQ1LDPH\)LJEDQGG7KHVRXUFHRIWKLV ORVVLVQRW\HWXQGHUVWRRGDFFRUGLQJWR
$%1H[SHUWVLWPD\FRPHERWKIURPHYDSRUDWLRQDQGZDWHUORVVWKURXJKEHGURFNVIUDFWXUHRUIOXVK
EDFNIURP1LJHUPDLQVWUHDPLQWRGU\NRULVDIWHUWKHUDLQ\VHDVRQ7KLVORVVPXVWEHDFFRXQWHGIRU
EHIRUHVXEVWUDFWLQJ$QVRQJR¶VWR1LDPH\¶VGLVFKDUJH7RGRVR$QVRQJR¶VGLVFKDUJHLVPRUSKHGWR
ILWWKHVKDSHRIWKH*XLQHDQIORRGDVREVHUYHGLQ1LDPH\7KLVLVLOOXVWUDWHGE\WKHGLIIHUHQFHEHWZHHQ
WKHGDVKOLQHLQ)LJEUHVSGDQGWKHSODLQOLQHLQ)LJDUHVSF7KHQWKHORFDOFRQWULEXWLRQLV
HVWLPDWHGDVWKHDUHDEHWZHHQ1LDPH\¶VGLVFKDUJH EODFN OLQH LQ)LJEDQG$QVRQJR¶VPRUSKHG
GLVFKDUJHGDVKOLQHEHWZHHQWKHEHJLQQLQJDQGHQGRIWKHUHGIORRGSHULRGYHUWLFDOEOXHOLQHVLQ
)LJE
:KDWHYHUWKHPHWKRGXVHGWKHHVWLPDWLRQRIORFDOUXQRIISURGXFWLRQLVSURQHWRXQFHUWDLQW\,Q
PHWKRGRQHVXPRIWULEXWDULHVGLVFKDUJHWKHHUURUVPD\FRPHIURPWKHTXDOLW\RIWKHGDWDUHFRUG
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DQG LJQRULQJUDLQIDOORYHUWKHULYHUEHGDQGWKHOHIWEDQN,QPHWKRGWZRPRVWRI WKHHUURUFRPHV
IURPWKHTXDOLW\RIWKHGDWDUHFRUGLQ$QVRQJRDQGDOVRIURPWKHGLIILFXOW\WRTXDQWLI\WKHORVVHVLQ
WKH GLVFKDUJH EHWZHHQ $QVRQJR DQG 1LDPH\ ,Q DQ\ FDVH WKH REMHFWLYH KHUH LV QRW DQ DFFXUDWH
TXDQWLILFDWLRQRIWKHUXQRIIHYHU\\HDUEXWUDWKHUWKHDQDO\VLVRIWKHPDLQWUHQGVDQGUHODWLYHFKDQJHV
RYHU\HDUV

 5DLQIDOOGDWDUHFRUG
5DLQIDOOGDWDLVXVHGLQVHFWLRQWRDQDO\VHWKHREVHUYHGFKDQJHVLQWKHFOLPDWLFDQGK\GURORJLFDO
VLJQDOV ,W LV DOVR QHHGHG DV IRUFLQJ IRU WKH K\GURORJLFDO PRGHO 5DLQIDOO RYHU WKH1LJHU EDVLQ LV
DVVRFLDWHGZLWKWKH:HVW$IULFDQ0RQVRRQDQGIDOOVPDLQO\EHWZHHQ-XQHDQG2FWREHU,QWKHVWXGLHG
DUHDOLNHLQRYHUDOO6DKHORIUDLQIDOOFRPHVIURPSURSDJDWLQJ0HVRVFDOH&RQYHFWLYH6\VWHPV
0&6/DXUHQWHWDO0DWKRQHWDO/HEHOHWDO$OWKRXJK0&6SDWWHUQVYDULHV
WKH\RIWHQRUJDQL]HLQDFXUYHGFRQYHFWLYHOLQHIROORZHGE\DVWUDWLIRUPUHJLRQ+RX]H7KH
UHVXOWLQJUDLQILHOGVDUHFKDUDFWHUL]HGE\VWURQJVSDFHWLPHYDULDELOLW\ZLWKLQWHQVHUDLQUDWHVZKHQ
WKHFRQYHFWLYHIURQWLVSDVVLQJWKURXJKW\SLFDOO\GXULQJOHVVWKDQDQKRXULQDJLYHQSRLQWDWJURXQG
IROORZHGE\DIHZKRXUVRIOHVVLQWHQVHUDLQIDOOLQWKHVWUDWLIRUPSDUW5HSURGXFLQJWKLVKLJKO\VSDWLDOO\
DQGWHPSRUDOO\YDULDEOHSDWWHUQVLVDFKDOOHQJHIRUWKHGLIIHUHQWUDLQIDOOSURGXFWV7KLVLVDQLPSRUWDQW
SRLQWZKHQIRUFLQJPRGHOVEHFDXVHWKHK\GURORJLFDOUHVSRQVHGHSHQGVQRWRQO\RQWKHDFFXPXODWLRQV
EXWDOVRRQWKHGLVWULEXWLRQRIUDLQIDOOLQWLPHVSDFHDQGLQWHQVLW\FODVVHV*RVVHWHWDO&DVVH
HWDO7KUHHUDLQIDOOGDWDUHFRUGVKDYHEHHQXVHGLQWKLVZRUN7DEOH$OOWKUHHDUHVSDWLDOL]HG
UDLQIDOOSURGXFWVSURYLGHGRQDUHJXODUJULGDQGZHOOVXLWHG IRU IRUFLQJDGLVWULEXWHGK\GURORJLFDO
PRGHO7ZRRIWKHSURGXFWVDUHEDVHGRQUDLQJDXJHLQIRUPDWLRQDQGRQHRQVDWHOOLWHLQIRUPDWLRQ7KH
WKUHHSURGXFWVDUHGHVFULEHGEHORZ7KHLUDVVHVVPHQWDJDLQVWDGHQVHQHWZRUNRIJDXJHVVLWXDWHGLQ
1LDPH\LVSUHVHQWHGLQWKHDSSHQGL[
x ³.5,*´DUHVHDUFKSURGXFWEDVHGRQDULFKVHWRIRSHUDWLRQDOJDXJHVDYDLODEOHVLQFH
7KLVUHJLRQDOSURGXFWSURYLGHGE\WKH/DERUDWRLUHGHV7UDQVIHUWHQ+\GURORJLHHW(QYLURQQHPHQW
/7+(KHUHDIWHUQDPHG.5,*SURGXFWLVDJDXJHEDVHGUDLQIDOOHVWLPDWH7KLVSURGXFWLVEDVHGRQ
DGDWDEDVHILUVWEXLOWE\/H%DUEpHWDODQGXSGDWHGE\3DQWKRXHWDO.5,*SURGXFW
LVEDVHGRQUDLQJDXJHUHFRUGVIURPGLIIHUHQWLQVWLWXWHVWKH&HQWUH,QWHU(WDWVG¶(WXGHV+\GUDXOLTXH
&,(+ WKH $*5RPHWHRURORJ\ +\GURORJ\ 0(7HURORJ\ FHQWUH $*5<0(7 DQG WKH 1DWLRQDO
:HDWKHUVHUYLFHVIURPVHYHUDO$IULFDQFRXQWULHV'01LQ)UHQFK7KHDYDLODEOHQHWZRUNGHQVLW\LV
YDULDEOHGXULQJWKHSHULRGDQGLQVLGHWKHEDVLQ2YHUWKHVWXGLHGDUHDDQGDIWHUTXDOLW\FRQWUROWKH
DYDLODEOHQXPEHURIVWDWLRQVUDQJHVIURPWRJDXJHVEHWZHHQDQGDQGVLQFHWKH
QHWZRUNLVVSDUVHUZLWKOHVVWKDQJDXJHV)LJ$VLQ9LVFKHOHWDOWKHNULJLQJWHFKQLTXH
 CHAPITRE 7 | L’hydrologie du Niger à Niamey depuis 1950 : facteurs climatiques et environnementaux  
 
183 
 
LVXVHG WR LQWHUSRODWH WKHGDLO\JDXJH LQIRUPDWLRQDQGSURYLGHD UHJXODUO\JULGGHGSURGXFWZLWKD
UHVROXWLRQ
x ³&3&´DQRSHUDWLRQDOJDXJHSURGXFWDYDLODEOHVLQFH
7KH 1DWLRQDO 2FHDQLF DQG $WPRVSKHULF $GPLQLVWUDWLRQ 12$$ &OLPDWH 3UHGLFWLRQ &HQWUH
&3&SURYLGHVWKH&3&8QLILHG*DXJH%DVHG$QDO\VLVRI*OREDO'DLO\3UHFLSLWDWLRQ KHUHDIWHU
QDPHG&3&DQGDYDLODEOHRQKWWSIWSFSFQFHSQRDDJRYSUHFLS&3&B81,B35&3*$8*(B*/%
ERWKGDWDDQGGRFXPHQWDWLRQ7KLVGDLO\SURGXFWDYDLODEOHIURPWRSUHVHQWLVEDVHGRQ
WKH*DQGLQ  RSWLPDO LQWHUSRODWLRQZKLFK DFFRUGLQJ WR&KHQ HW DO  SURYLGHV D UREXVW
JOREDOSUHFLSLWDWLRQHVWLPDWHLQGLIIHUHQWFRQGLWLRQRIFOLPDWHVHDVRQDQGQHWZRUN GHQVLW\2QWKH
FRQWLJXRXV 8QLWHG 6WDWHV D FRUUHODWLRQ RI  ZDV IRXQG EHWZHHQ WKH UHIHUHQFHG QHWZRUN NP
VWDWLRQWRVWDWLRQ GLVWDQFH DQG D V\QWKHWLF VSDUVH QHWZRUNZKLFKPLPLFV WURSLFDO$IULFD VLWXDWLRQ
NP VWDWLRQWRVWDWLRQ GLVWDQFH &KHQ HW DO 2Q WKH$QVRQJR1LDPH\ UHDFK EDVLQ WKH
DQQXDOPHDQQXPEHURIJDXJHVKDVEHHQLQFUHDVLQJRYHUWKHSHULRGDQGUDQJHVIURPWR
 )LJ 7KLV GHQVLW\ LV YHU\ ORZFRPSDUHG WR WKH GHQVLW\ SURYLGHGE\ WKH.5,*SURGXFW
DERYH &DVVH HW DO  KRZHYHU VKRZHG WKDW D K\GURORJLFDO PRGHO IRUFHG ZLWK &3& JDYH
VDWLVIDFWRU\UHVXOWVRYHUWKHDUHDIRUWKHSHULRGZKHUHWKHDQQXDOPHDQQXPEHURIJDXJHV
LVDURXQG

x ³3(56,$11&'5´DVDWHOOLWHEDVHGSURGXFWDYDLODEOHVLQFH
%DVHGRQWKH3(56,$11DOJRULWKP6RURRVKLDQHWDODQHZ&OLPDWH'DWD5HFRUGFDOOHG
3(56,$11&'5$VKRXULHWDOZLWKDGDLO\UHVROXWLRQLVFXUUHQWO\DYDLODEOHIURP
WR SUHVHQW ZZZQFGFQRDDJRYFGURSHUDWLRQDOFGUVKWPO 3(56,$11&'5 LV EDVHG RQ KLJK

)LJXUH1XPEHURIUDLQJDXJHVIRUWKHWZRLQVLWXUDLQIDOOHVWLPDWHVSURGXFWV.5,*DDQG
&3&ERQWKH$QVRQJR1LDPH\UHDFKEDVLQ
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WHPSRUDO UHVROXWLRQ LQIUDUHG LQIRUPDWLRQ IURP JHRVWDWLRQDU\ VDWHOOLWH *ULG6DW% IURP WKH
,QWHUQDWLRQDO 6DWHOOLWH &ORXG &OLPDWRORJLFDO 3URMHFW ,6&&3 DQG D ELDV FRUUHFWLRQ EDVHG RQ WKH
*OREDO3UHFLSLWDWLRQ&OLPDWRORJ\3URMHFW*3&3PRQWKO\UDLQIDOOHVWLPDWHV$VKRXULHWDO
7DEOH6XPPDU\RIWKHGLIIHUHQWUDLQIDOOHVWLPDWHSURGXFWVFKDUDFWHULVWLFV
 'DWD &RYHU 7HPS5HV 6SD5HV 'DWHV 8VHGSHULRG $JHQFLHV 5HI :HE
.5,* LQVLWX  'DLO\  

 /7+(
3DQWKRXHW
DO 
&3& LQVLWX *OREDO 'DLO\  SUHVHQW


12$$
&3&
&KHQHWDO

KWWSZZZFSF
QRDDJRYSURGXFWV
IHZVGDWDKWPO
3(56,$11
&'5
VDWHOOLWH
LQVLWX 16 'DLO\ 



 12$$
$VKRXULHW
DO
KWWSZZZQFGF
QRDDJRYFGURSHUD
WLRQDOFGUVKWPO

 +\GURORJLFDOPRGHODQGVHWXS
7KHK\GURORJLFDOVLPXODWLRQLVEDVHGRQWKH,6%$75,3PRGHODOUHDG\XVHGLQ&DVVHHWDO
DQG&DVVHDQG*RVVHWWRVWXG\WKH$QVRQJR1LDPH\UHDFKRIWKH1LJHUEDVLQ&DVVHHWDO
WHVWHGWKHPRGHORYHUWKHSHULRGZLWKDYDULHW\RIUDLQIDOOSURGXFWV7KH\VKRZHG
WKDW,6%$75,3ZDVDEOHWRUHSURGXFHWKHIUHTXHQF\RI5HGIORRGVLQWKHUHFHQWSHULRG&DVVHDQG
*RVVHW XVHGWKHVDPHPRGHODQG WKH UDLQIDOOSURGXFW3(56,$11&'5WR VWXG\ WKH
SHULRGDOVRZLWKVDWLVIDFWRU\UHVXOWV
x 7KH,6%$75,3FRXSOHGPRGHO
:LWKLQWKH685)(;PRGHOOLQJSODWIRUPGHYHORSHGE\0pWpR)UDQFHDQGVWDQGLQJIRU685)DFH
([WHUQDOLVpH LQ )UHQFK ZZZFQUPPHWHRIUVXUIH[0DVVRQ HW DO  D /DQG 6XUIDFH0RGHO
/60LVFRXSOHGWRDURXWLQJPRGHO50,6%$75,3LVDGLVWULEXWHGPRGHOEDVHGRQDQH[SOLFLW
UHSUHVHQWDWLRQRIWKHSK\VLFDOSURFHVVHV
7KH/60FDOOHG,6%$,QWHUDFWLRQEHWZHHQ6RLO%LRVSKHUHDQG$WPRVSKHUHFRPSXWHVWKHZDWHU
DQGHQHUJ\EDODQFHEDVHGRQWKHVRLOYHJHWDWLRQSURSHUWLHVRIHDFKJULGFHOODQGWKHDWPRVSKHULF
IRUFLQJSURYLGHGDWHDFKWLPHVWHS6HYHUDORSWLRQVDUHDYDLODEOHZLWKLQ,6%$WRSURGXFHUXQRIIKHUH
WKHSURGXFWLRQLVEDVHGRQDSDUDPHWHUL]DWLRQRIVXEJULGK\GURORJ\
,6%$RXWSXWIHHGVWKHURXWLQJPRGHOFDOOHG75,37RWDO5XQRII,QWHJUDWLQJ3DWKZD\ZKLFKWXUQV
VXUIDFHUXQRIIJURXQGZDWHUDQGIORRGSODLQZDWHUFRQWULEXWLRQVLQWRGLVFKDUJHIRUHDFKJULGFHOODQG
WKHQ SURSDJDWHV WKH VXUIDFH IORZV WKURXJK WKH ULYHU QHWZRUN75,3 UHVHUYRLUV LPSOHPHQWHG LQ WKH
YHUVLRQRI685)(;FXUUHQWO\XVHGLQWKLVVWXG\DUHWKHULYHUWKHJURXQGZDWHUWKHIORRGSODLQ
DQG WKH DTXLIHU:LWKLQ WKHVH UHVHUYRLUV HYDSRUDWLRQ DQG LQILOWUDWLRQ RFFXUV RQO\ LQ IORRG SODLQV
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'LVWULEXWHGSDUDPHWHUVEDVHGRQSK\VLFDOHTXDWLRQRURQIL[HGYDOXHVFRQWUROWKHULYHUK\GURORJ\
OHQJWK VORSHZLGWK GHSWK0DQQLQJ FRHIILFLHQWRI WKH ULYHU0DQQLQJ FRHIILFLHQW RI IORRGSODLQ
SDUWLWLRQLQJFRHIILFLHQWEHWZHHQJURXQGZDWHUDQGDTXLIHUUHWXUQWLPHRIJURXQGZDWHUDQGDTXLIHUWR
WKHULYHU
)RUPRUHSUHFLVLRQRQWKH,6%$75,3PRGHOSK\VLFVSOHDVHUHIHUWR1RLOKDQDQG3ODQWRQ
ILUVWGHYHORSHUV%RRQHHWDOIRUWKHVRLO OD\HUVSK\VLFV'HFKDUPHHW'RXYLOOHDQG
 IRU WKH VXEJULG K\GURORJ\'HFKDUPH HW DO  IRU YHJHWDWLRQ LPSDFW RQ LQILOWUWLRQ RU
3HGLQRWWLHWDOIRUWKHLPSOHPHQWDWLRQRQWKH1LJHUEDVLQ
7KHPRGHOLVLPSOHPHQWHGRQWKH$QVRQJR1LDPH\UHDFKEDVLQ)LJZLWKDJULGUHVROXWLRQRI
DQGDKWLPHVWHSIRUWKHDWPRVSKHULFIRUFLQJ7KLVFRQILJXUDWLRQLVGHVFULEHGLQGHWDLOVLQ
&DVVHHWDODQG&DVVHDQG*RVVHW7KHYDOXHRIWKHGDLO\GLVFKDUJHDWWKHKHDGRIWKHUHDFK
$QVRQJRSL[HOLVQHHGHGDVLQSXW7KHREVHUYHGGLVFKDUJHGDWDDWWKH$QVRQJRVWDWLRQSURYLGHGE\
WKH$%1LVXVHGIRUWKLVSXUSRVH

)LJXUH,6%$75,3GRPDLQ LPSOHPHQWHGRQ WKH$QVRQJR1LDPH\UHDFKEDVLQ7KHFRORU
VFDOHUHSUHVHQWWKHYHJHWDWLRQIUDFWLRQRQWKHDUHD*UHHQFRORXUDQGYDOXHVFORVHWRLQGLFDWH
IXOOYHJHWDWHGFHOOVDQGEURZQFRORXUDQGYDOXHVFORVHWRLQGLFDWHEDUHVRLO

x $WPRVSKHULFIRUFLQJ
,6%$ QHHGV D FODVVLFDO DWPRVSKHULF IRUFLQJ SUHFLSLWDWLRQ WHPSHUDWXUH SUHVVXUH KXPLGLW\
UDGLDQFHDQGZLQGWRFRPSXWHWKHZDWHUEDODQFHIRUHDFKJULGFHOO+HUHWKHDWPRVSKHULFIRUFLQJ
H[FHSW IRU UDLQIDOO LVSURYLGHGDVDFOLPDWRORJLFDOPHDQYDOXH IRUHDFKGD\7KHGDLO\ YDOXHZDV
FRPSXWHGIURPWKHSHULRGEDVHGRQWKH:$7&+)RUFLQJ'DWDPHWKRGRORJ\DSSOLHGWR
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(5$,QWHULPGDWD:)'(,:HHGRQHWDOUHDQDO\VHGE\0pWpR)UDQFH'HFKDUPHSHUVRQDO
FRPPXQLFDWLRQ6HQVLWLYLW\WHVWVKDYHEHHQUXQWRYHULI\WKHVHQVLWLYLW\RIWKHPRGHORXWSXWWRWKH
DWPRVSKHULFIRUFLQJ7KHWHVWVVKRZHGWKDWXVLQJDFOLPDWRORJLFDOPHDQGRHVQRWLPSDFWWKHVLPXODWHG
GLVFKDUJHGXULQJWKHKLJKIORZDQGGRHVQRWFKDQJHWKHFKDUDFWHULVWLFRIWKHVLPXODWHG5HGIORRG7KH
IRFXVKHUHEHLQJRQWKH5HGIORRGVLPXODWLRQWKHVHQVLWLYLW\WRWKHUDLQIDOOIRUFLQJLVWKHGRPLQDQW
IDFWRU
7KHUDLQIRUFLQJLVSURYLGHGE\WKHWKUHHUDLQIDOOGDWDVHWGHVFULEHGLQ3(56,$11&'5&3&
DQG .5,* 6LQFH WKH PRGHO LV QRW FDOLEUDWHG IRU HDFK SURGXFWV WKH GLIIHUHQFHV EHWZHHQ WKH 
VLPXODWLRQV DUH GXH WR GLIIHUHQFHV EHWZHHQ WKH UDLQ SURGXFWV $SSHQGL[ 8VLQJ  LQGHSHQGHQW
UDLQIDOOGDWDVHWZLOOFRQVROLGDWHWKHFRQFOXVLRQVFRQFHUQLQJWKHUROHRIUDLQIDOOFKDQJHVRQK\GURORJ\
x 9HJHWDWLRQPDS
7KH SDUDPHWHUV QHHGHG IRU ,6%$ WR FRPSXWH HQHUJ\ DQG ZDWHU EDODQFH DUH EDVHG RQ WKH
YHJHWDWLRQFRYHUDQGVRLOSURSHUWLHV,QWKHUHIHUHQFHVLPXODWLRQWKHYHJHWDWLRQPDSYHJHWDWLRQW\SH
DQG IUDFWLRQ)LJ LVEDVHGRQWKH(FRFOLPDSGDWD 0DVVRQHW DOZKLFKFRYHU 
SHULRGDQGWKHVRLOWH[WXUHVDQGVLOWSURSRUWLRQLVEDVHGRQ)$2GDWD7KHVHGDWDVHWVDUHFRQVLGHUHG
DVUHSUHVHQWDWLYHRIWKHFXUUHQWVLWXDWLRQLQWKHDUHD7KHEDUHVROSURSRUWLRQRQWKHEDVLQUDQJHVIURP
WRDQGIROORZWKHUDLQIDOO ODWLWXGLQDOJUDGLHQWZLWKOHVVYHJHWDWLRQLQWKHQRUWKWKDQLQWKH
VRXWK:LWKLQ,6%$WKHYHJHWDWLRQFRYHURIWKH$QVRQJR1LDPH\UHDFKEDVLQLVFRPSRVHGPDLQO\
RIVDKHOLDQVDYDQQDKDQGEXVKVDKHOLDQVDYDQQDKZKLFKSUHVHQWORZFRYHUDJH/$,DQGDWOHDVW
RIEDUHVRLO&RQWUDU\WRODQGVFDSHGHVFULSWLRQIRXQGLQWKHOLWHUDWXUH$PRJXHWDO'HVFURL[
HWDO(FRFOLPDSGDWDGRHVQRWFRQVLGHUDQ\FURSODQGVLQWKHVWXG\DUHD+RZHYHUVHQVLWLYLW\
VWXGLHVQRWVKRZQKDYHVKRZQWKDWWKHPRGHOLVVHQVLWLYHWRWKHYHJHWDWLRQFRYHUIUDFWLRQ/$,DQG
SURSRUWLRQRIEDUHVRLOUDWKHUWKDQWKHYHJHWDWLRQW\SHFURSYVQRFURS7KXV/8/&FKDQJHVLPSDFW
RQK\GURORJ\LVH[SORUHGE\FKDQJLQJWKHYHJHWDWLRQFRYHUIUDFWLRQ
7KHVLPXODWLRQVRYHUWKHZKROHSHULRGDUHILUVWUXQZLWKWKHFXUUHQW VRLOYHJHWDWLRQ
FKDUDFWHULVWLFVZLWKWKHREMHFWLYHWRDQDO\VHRQO\WKHLPSDFWRIUDLQIDOOUHJLPHFKDQJHV,QDVHFRQG
VWHSWKHYHJHWDWLRQFRYHUIUDFWLRQLVFKDQJHGWREHPRUHUHSUHVHQWDWLYHRIWKHEHJLQQLQJRIWKHSHULRG
ZLWKOHVVDUHDFRYHUHGE\EDUHVRLODQGPRUHZRRG



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 2EVHUYHGUDLQIDOODQGK\GURORJLFDOFKDQJHVVLQFHV
7KLVVHFWLRQVXPPDUL]HVWKHK\GURORJLFDODQGFOLPDWLFFKDQJHVREVHUYHGRYHUWKHVWXG\DUHDVLQFH
WKHV7KHYDULDELOLW\RIWKHGLVFKDUJHLQ1LDPH\LVDQDO\VHGLQWKHOLJKWRIWKHYDULDELOLW\RILWV
WZRFRPSRQHQWVLWKH*XLQHDQIORZDUULYLQJWKURXJK$QVRQJRDQGLLWKHUXQRIIJHQHUDWHGRYHU
WKH$QVRQJR1LDPH\VXEEDVLQ7KHDQDO\VLV LVEDVHGRQWKHLQWHUDQQXDOVHULHVRIWKHQRUPDOL]HG
UDLQIDOOLQGH[DQGVLPLODULQGH[HVFRPSXWHGIURPWKHGLVFKDUJHGDWD7KHQRUPDOL]HGUDLQIDOOLQGH[
IRUDVHULHVRI1DQQXDOUDLQIDOODFFXPXODWLRQYDOXHV5LKHUH1 LVGHILQHGHDFK\HDULE\ܫ௜ ൌ ோ೔ିோതఙೃ       (T
ZKHUH തܴDQGߪோDUHWKHPHDQDQGWKHVWDQGDUGGHYLDWLRQRIWKH5LVHULHV6LPLODULQGH[HVKDYHEHHQ
FRPSXWHGIURPWKHGLVFKDUJHVGDWDGXULQJWKH5HGIORRGSHULRGEDVHGRQWKHIROORZLQJ\HDUO\PHDQ
YDULDEOHVx 7KHPHDQGLVFKDUJHLQ$QVRQJRLQPVx 7KHPHDQGLVFKDUJHLQ1LDPH\LQPVx 7KHPHDQ GLIIHUHQWLDO GLVFKDUJH FRPSXWHG DV WKH GLIIHUHQFH EHWZHHQ WKH1LDPH\ DQG WKH
PRUSKHG$QVRQJRGLVFKDUJHVx 7KHPHDQRIWKHVXPRIWKHGLVFKDUJHVIURPWKHWULEXWDULHV'DUJRO6LUEDDQG*RURXRO
$VGLVFXVVHGLQVHFWLRQWKHWZRODVWYDULDEOHVDUHSUR[LHVWRWKHORFDOUXQRIIFRQWULEXWLRQWR1LJHU
GLVFKDUJH$OOWKHYDULDEOHVDERYHDUHFDOFXODWHGGXULQJWKH5HGIORRGSHULRG7KLVSHULRGLVFDOFXODWHG
HDFK\HDUEDVHGRQWKHUDLQIDOOWLPHVHULHVDVGHWDLOHGLQVHFWLRQ
)LJXUH LOOXVWUDWHVWKH UDLQIDOO DQG K\GURORJLFDO FKDQJHV LQ WKH$QVRQJR1LDPH\ UHDFK EDVLQ
WKURXJKGHFDGHVIURPWR
7KH UDLQIDOO LQGH[ RU DQRPDO\ )LJ D LV EDVHG RQ WKH .5,* UDLQIDOO HVWLPDWHV WKH RQO\
SURGXFWDYDLODEOHRQWKLVORQJSHULRG7KHVDQGVDUHWKHZHWWHVWGHFDGHVRIWKHVWXGLHGSHULRG
DOO\HDUVSUHVHQWDSRVLWLYHLQGH[IROORZHGE\WZRGHFDGHVZLWKUDLQIDOOGHILFLWLQWKHVDQGV
VWDUWLQJLQ6LQFHWKHVWKHUDLQIDOOLQGH[SUHVHQWVVWURQJLQWHUDQQXDOYDULDELOLW\LWLVKLJKHU
WKDQ LQWKHGU\SHULRGEXWVWLOOEHORZWKHZHWWHVWGHFDGHV7KHVHUHVXOWVGHULYHG IRU WKH$QVRQJR
1LDPH\UHDFKEDVLQZLWKWKH.5,*UDLQIDOOGDWDVHWDUHFRQVLVWHQWZLWKWKHPDLQFOLPDWLFSHULRGV
WKH6DKHOLDQUHJLRQKDVXQGHUJRQHVLQFHDVGHVFULEHGLQWKHOLWHUDWXUH/DPE/H%DUEpHW
/HEHO1LFKROVRQHWDO&DPEHUOLQHWDO/H%DUEpHWDO/¶+{WHHWDO
'DLHWDO/HEHOHW$OL3DQWKRXHWDO%RWKZHWDQGGURXJKWGHFDGHVZHUHREVHUYHG
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DQGWKHKHWHURJHQRXVUDLQIDOOUHFRYHU\KLJKOLJKWHGE\VHYHUDODXWKRUV1LFKROVRQHWDO/¶+{WH
HWDO'LDHWDO/HEHOHW$OL3DQWKRXHWDOLVFRQILUPHGRYHUWKHVWXGLHGDUHD
)LJXUHEFDQGGLOOXVWUDWHWKHLQWHUDQQXDOYDULDELOLW\RIUHVSHFWLYHO\ WKHPHDQGLVFKDUJH LQ
1LDPH\GXULQJWKH5HGIORRGSHULRG)LJGDQGLWVWZRFRQWULEXWRUVWKH*XLQHDQIORZDVUHFRUGHG
LQ$QVRQJR)LJEDQGWKHORFDOUXQRII)LJF,Q)LJFWKHWZRSUR[LHVXVHGWRTXDQWLI\ORFDO
UXQRII FRQWULEXWLRQ WR WKH GLVFKDUJH VHFWLRQ  DUH GLVSOD\HG 7KH JUH\ VKDGH LV IRU WKH LQGH[
FRPSXWHGIURPWKHGLIIHUHQWLDOGLVFKDUJHEHWZHHQ$QVRQJRDQG1LDPH\WKH\HOORZFRORXULVIRUWKH
LQGH[EDVHGRQWKHVXPVRIWKHWULEXWDULHV7KHJDSVLQWKHODWWHUVHULHVDUHGXHWRPLVVLQJGDWD
$VH[SHFWHGWKHWUHQGVLQWKH$QVRQJRGLVFKDUJHYDULDELOLW\DUHFRQVLVWHQWZLWKZKDWLVNQRZQ
RIUDLQIDOOYDULDELOLW\LQ:HVW$IULFDDQG6DKHORYHUWKHODVW\HDUVWKHZHWGHFDGHVRIWKHVDQG
VDUHDVVRFLDWHGZLWKWKHKLJKHVWGLVFKDUJHLQGH[WKHORQJSHULRGZLWKQHJDWLYHLQGH[GXULQJWKH
VDQGVKLJKOLJKWVWKHGHFUHDVHLQGLVFKDUJHGXULQJWKHGURXJKWLQWKHXSSHU1LJHUEDVLQ)URP
WKHVWKHGLVFKDUJHLQGH[KDYHLQFUHDVHGDJDLQEXWDUHVWLOOORZHUWKDQLQWKHVVZHWFRQGLWLRQV
DQGVKRZVDQHQKDQFHGLQWHUDQQXDOYDULDELOLW\
,Q FRQWUDVWZLWK WKH UHODWLYHO\ VLPLODU WUHQGV GLVSOD\HG E\ UDLQIDOO )LJ D DQG WKH$QVRQJR
GLVFKDUJH )LJ E WKH LQGH[ IRU WKH ORFDO UXQRII FRQWULEXWLRQ )LJ F VKRZV D YHU\ GLIIHUHQW
HYROXWLRQRYHUWKHGHFDGHV7KHVDOLHQWIHDWXUHLVDQLQFUHDVHRYHUWKHSHULRGZLWKPRVWO\QHJDWLYH
YDOXHV XQWLO WKH PLG V DQG LQFUHDVLQJ SRVLWLYH YDOXHV DIWHUZDUGV *LYHQ WKH PDQ\ VRXUFHV RI
XQFHUWDLQW\LQGHULYLQJWKHWZRSUR[LHVVHFWLRQWKHDJUHHPHQWLVTXLWHUHPDUNDEOHDQGVKRZVWKDW
WKHREVHUYHGWUHQG LVUREXVW%RWKSUR[LHVDJUHHWKDWZHWGHFDGHVSUHVHQWVPDOOHU LQGH[WKDQGULHU
RQHV LQGLFDWLQJWKDWUXQRII LQWKH$QVRQJR1LDPH\EDVLQWHQGVWR LQFUHDVHRYHUWKHHQWLUHVWXGLHG
SHULRGZLWKDVKDUSLQFUHDVHVLQFHWKHV7KLVUHVXOWUHIOHFWVWKHSDUDGR[LFDOEHKDYLRXURI6DKHOLDQ
EDVLQVGHVFULEHGE\VHYHUDODXWKRUV$OEHUJHO$PDQLDQG1JXHWRUD0DKpHWDO
0DKpHW3DWXUHO'HVFURL[HWDO6LJKRPQRXHWDO3UHYLRXVVWXGLHV
KDYHDWWULEXWHGWKHFKDQJHVLQUXQRIIFRHIILFLHQWWRWKHHIIHFWRI/8/&FKDQJHV6HJXLVHWDO
/HEODQFHWDO'HVFURL[HWDO7KHUHDVRQIRUWKHVKDUSLQFUHDVHLQUXQRIIVLQFHWKH
VDQGWKHSRVVLEOHUROHRIUDLQIDOOLQWHQVLILFDWLRQLVGHEDWHGLQWKHFRPPXQLW\$QDO\VLVDWWKH\HDUO\
VFDOHDVSUHVHQWHGDERYHGRHVQRWDOORZWRFRQFOXGH7KHPRGHOEDVHGVLPXODWLRQVLQWKHQH[WVHFWLRQ
VKLQHVRPHOLJKWRQWKHVHTXHVWLRQV
$VH[SHFWHG1LDPH\5HG IORRG)LJGFKDQJHVRYHUUHIOHFW WKH LQIOXHQFHRI WKH
IORZFRPLQJIURPWKHXSSHUEDVLQ)LJEDQGORFDOFRQWULEXWLRQV)LJF,QWKHVDQGVZKHQ
WKHXSSHUIORZLVKLJKEXWORFDOUXQRIILVVPDOOWKHPHDQGLVFKDUJHLQGH[LVDYHUDJHZLWKDVXFFHVVLRQ
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RISRVLWLYHDQGQHJDWLYH\HDUV'XULQJWKHVDQGVGURXJKWLWUHDFKHVWKHORZHVWYDOXHV,QWKH
UHFHQWSHULRGZKHQWKHLQGH[IRUWKHXSSHUEDVLQIORZLVDYHUDJHEXWORFDOUXQRIILVLQFUHDVLQJVKDUSO\
WKH5HGIORRGOHYHOVLQFUHDVHGUDVWLFDOO\DQGUHDFKWKHLUKLJKHVWYDOXHV




)LJXUH(YROXWLRQEHWZHHQDQGRI WKHQRUPDOL]HGLQGH[HVRIUDLQIDOOD5HG
IORRGSHULRGPHDQGLVFKDUJHLQ$QVRQJRE5HGIORRGSHULRGPHDQGLIIHUHQWLDOGLVFKDUJHF
JUH\5HGIORRGSHULRGPHDQGLVFKDUJHRI WKHULJKWEDQN WULEXWDULHV F\HOORZDQG5HG
IORRGPHDQGLVFKDUJH1LDPH\G

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 0RGHOEDVHGDQDO\VLVVHQVLWLYLW\WHVWVDQGDWWULEXWLRQRIWKHFKDQJHV
7KLVVHFWLRQSUHVHQWVWKHPRGHOOLQJUHVXOWVDQGWKHLUDELOLW\WRUHSURGXFHWKHK\GURORJLFDOFKDQJHV
GLVFXVVHGLQWKHSUHYLRXVVHFWLRQ)LUVWIRUWKHHQWLUHVLPXODWHGSHULRGWKHVRLOYHJHWDWLRQ
SDUDPHWHUVLQ,6%$75,3DUHKHOGFRQVWDQWIURP\HDUWR\HDUDQGWKHRQO\VRXUFHRIYDULDELOLW\LQWKH
K\GURORJLFDOUHVSRQVH LV WKHGLVFKDUJH LQ$QVRQJRDQGWKHUDLQIDOO IRUFLQJ7KHGUDLQDJHDUHDDQG
YHJHWDWLRQPDSVDUHWKRVHRI)LJXUHDQGDUHUHSUHVHQWDWLYHRISUHVHQWFRQGLWLRQV,IWKLVVLPXODWLRQ
LVDEOHWRUHSURGXFHWKHREVHUYHGFKDQJHVWKHQUDLQIDOOYDULDELOLW\FDQEHFRQVLGHUHGWKHPDLQGULYHU
IRUWKHK\GURORJLFDOFKDQJHV,IQRWRWKHU VRXUFHVRIFKDQJH LQWKHK\GURORJLFDOUHVSRQVHVXFKDV
/8/& VKRXOG EH H[SORUHG YLD WKH PRGHO 7KH UHVXOWV DUH ILUVW SUHVHQWHG IRU  ZKHQ 
GLIIHUHQWUDLQIDOOIRUFLQJDUHDYDLODEOH7KLVLVWKHSHULRGZKHQWKHVKDUSHVWLQFUHDVHLQWKHUXQRIIKDV
EHHQREVHUYHG )LJFDQG UHFRUG5HGIORRGVRFFXUUHG7KLV LVDOVRWKHSHULRGZKHQ WKH1LJHU¶V
K\GURJUDSKKDVJUDGXDOO\ WUDQVIRUPHG LQWRDWZRSHDNVKDSH&DQ WKHVLPXODWLRQ UHSURGXFHWKHVH
FKDQJHV"&DQWKH\EHH[SODLQHGE\WKHUDLQIDOO³UHFRYHU\´IURPWKHV"7KHVLPXODWLRQVVLQFH
DUHWKHQSUHVHQWHGWRYHULI\LIWKHSDUDGR[LFDOEHKDYLRXULOOXVWUDWHGE\)LJDDQGGZHW\HDUVDQG
DYHUDJH5HGIORRGLQWKHSHULRGDYHUDJHUDLQIDOODQGH[WUHPHIORRGVLQWKHSHULRGFDQ
EHUHSURGXFHG7KHVHQVLWLYLW\WRWKHYHJHWDWLRQFRYHUDQGWRWKHGUDLQDJHDUHDLVH[SORUHG
SHULRGx 0HDQGHFDGDOK\GURJUDSK
7KHPHDQGHFDGDOK\GURJUDSK LVDJRRGV\QWKHWLFLQGLFDWRURI WKHVDOLHQWFKDQJHVEHWZHHQWKH
GHFDGHV7KHREVHUYHGDQGVLPXODWHGGHFDGDOK\GURJUDSKIRUWKHODVWGHFDGHV
DQGDUHSUHVHQWHGLQ)LJ$FFRUGLQJWR)LJDWKHREVHUYHGGLVFKDUJHKDVJOREDOO\
LQFUHDVHG WKURXJK WKH  GHFDGHV ERWK LQ WHUP RI IORRG OHQJWK DQG LQWHQVLW\ 7KH LQFUHDVH LQ WKH
*XLQHDQIORRG1RYHPEHUWR0D\LVFRQVLVWHQWZLWKWKHLQFUHDVHLQWKH$QVRQJRGLVFKDUJHDOUHDG\
GLVFXVVHG)LJE7KHSURJUHVVLYHDSSDULWLRQRIWKH5HGIORRGFOHDUO\VHSDUDWLQJIURPWKH*XLQHDQ
IORRGLQWKHODVWGHFDGHLVYLVLEOHLQ)LJD7KHGHFDGDOPHDQRIWKHWRWDOZDWHUYROXPH
GXULQJWKH5HGIORRGLQWHJUDWLRQRI1LDPH\GLVFKDUJHGXULQJWKH5HGIORRGUDLVHGIURPWR
NPGXULQJWKHREVHUYHGGHFDGHV7DEOH7KHHQKDQFHPHQWRIWKH5HGIORRGGXHWRWKHFRPELQHG
HIIHFWRIDQ LQFUHDVH LQ WKHXSSHUEDVLQ IORZ)LJEDQG ORFDO UXQRII )LJF LV YLVLEOHRQ WKH
GHFDGDOK\GURJUDSKV
7KH VLPXODWHG GHFDGDO PHDQ K\GURJUDSKV EDVHG RQ WKH  UDLQIDOO IRUFLQJ ±.5,*&3& DQG
3(56,$11&'5±DUHDEOHWRUHSURGXFHWKHPDLQIHDWXUHVRIWKHREVHUYHGFKDQJHVWKH5HGIORRG
LQFUHDVHDQGWKHSURJUHVVLYHELPRGDOVKDSHUHLQIRUFHPHQW)LJEFGDQG7DEOH
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 
 
)LJXUH2EVHUYHGDQGVLPXODWHGGHFDGDOPHDQ1LDPH\GLVFKDUJH
EHWZHHQDQG
 x 4XDQWLOHTXDQWLOHDQDO\VLV
7KH IUHTXHQF\ GLVWULEXWLRQ RI WKH GDLO\ GLVFKDUJH GXULQJ WKH5HG IORRG IRU HDFK GHFDGH DUH
DQDO\VHG 7KH VLPXODWHG DQG REVHUYHG GLVWULEXWLRQV DUH FRPSDUHG LQ WZR ZD\V L ILUVW WKH
REVHUYDWLRQVDQGVLPXODWLRQVDUHFRPSDUHGGHFDGHE\GHFDGH)LJLQRUGHUWRYHULI\WKHDELOLW\RI
WKHPRGHOWRUHSURGXFHUHDOLVWLFGLVWULEXWLRQVRIWKHGDLO\GLVFKDUJHLLWKHQWKHUHODWLYHFKDQJHVLQ
WKHGLVWULEXWLRQVEHWZHHQGHFDGHVDUHDQDO\VHGERWKIRUREVHUYDWLRQV)LJDDQGIRUREVHUYDWLRQV
)LJEFDQGG
7KHGLVWULEXWLRQFRPSDULVRQEHWZHHQVLPXODWHGDQGREVHUYHGGDLO\5HGIORRGGLVFKDUJH)LJ
IRUWKHGHFDGHVKLJKOLJKWVWKDWDOOVLPXODWLRQVWHQGWRRYHUHVWLPDWHWKHREVHUYHGGLVFKDUJHIRUHDFK
GHFDGHV7KLVLVFRQILUPHGLQ7DEOHZLWKWKHYDOXHVRIWKHPHDQGHFDGDOYROXPHRIWKH5HGIORRG
7KLVV\VWHPDWLFRYHUHVWLPDWLRQLVPDLQO\GXHWRWKHREVHUYHGGHILFLWEHWZHHQ$QVRQJRDQG1LDPH\
VHFWLRQ  ZKLFK LV QRW VLPXODWHG E\ WKH FXUUHQW PRGHOOLQJ 7KH GLIIHUHQFHV DPRQJ WKH 
VLPXODWLRQVDUHGXHWRGLIIHUHQFHVLQUDLQIDOOGLVWULEXWLRQDPRQJWKHUDLQSURGXFWV$SSHQGL[$
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
'HVSLWHWKHRYHUDOOSRVLWLYHELDVWKHVLPXODWLRQVUHSURGXFHWKHREVHUYHGUHODWLYHFKDQJHVEHWZHHQ
WKHGULHVWDQGWKHPRVWUHFHQWGHFDGHV)LJDQRYHUDOOLQFUHDVHRIWKH
GLVFKDUJH)RUWKHGHFDGHVLPXODWLRQVDUHWRRFORVHWRWKHGLVWULEXWLRQZKLOH
LQWKHREVHUYDWLRQVWKHGLVWULEXWLRQLVFORVHUWRWKHGULHVWGHFDGH%HFDXVHRI
PLVVLQJGDWDLQWKH$QVRQJRGLVFKDUJHGDWDGXULQJWKHVSDUWRIWKHVHULHVZDVUHFRQVWUXFWHGE\
LQWHUSRODWLRQ$VWKH$QVRQJRGDWDLVXVHGDVDQLQSXWWRWKHK\GURORJLFDOPRGHOVHFWLRQWKHVH
HUURUVLQWKHGLVFKDUJHPD\H[SODLQVRPHRIWKHGLVFUHSDQFLHVLQWKHVLPXODWLRQV
7KHVHUHVXOWVVKRZWKDWZLWKFRQVWDQW/8/&DQGGUDLQDJHDUHDFRQGLWLRQV WKHVLPXODWLRQVDUH
DEOHWRUHSURGXFHWKHPDLQWUHQGVRIWKHK\GURORJLFDOUHJLPHFKDQJHVEHWZHHQDQGWKH
GLVFKDUJHLQFUHDVHDQGWKH5HGIORRGUHLQIRUFHPHQWDUHZHOOVLPXODWHG,QWHUDQQXDOUDLQIDOOYDULDELOLW\
FDQWKXVEHFRQVLGHUHGDVWKHPDLQGULYHUIRUWKHK\GURORJLFDOFKDQJHVGXULQJSHULRGDV
DOUHDG\ IRXQG LQ&DVVHDQG*RVVHW+HUHWKHXVHRIGLIIHUHQWUDLQIDOOSURGXFWVEDVHGRQ
LQGHSHQGHQWGDWD VHWVPHWKRGVDQGZLWKGLIIHUHQWFKDUDFWHULVWLFVRYHU WKHGRPDLQ $SSHQGL[$
UHLQIRUFHWKHSUHYLRXVUHVXOWV
 
)LJXUH4XDQWLOH4XDQWLOHSORWRIWKH5HGIORRGSHULRGGLVWULEXWLRQRIGDLO\GLVFKDUJHRIHDFK
GHFDGHEHWZHHQDQG7KH[D[LVLVIRUREVHUYDWLRQVDQGWKH\D[LVIRUWKHVLPXODWLRQV
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 
 
)LJXUH  4XDQWLOH4XDQWLOH SORW RI WKH GLVWULEXWLRQ RI GDLO\
GLVFKDUJHLQ1LDPH\REVHUYHGLQDVLPXODWHGLQEFGIRUHDFK
GHFDGHWKHUHIHUHQFH[D[LVLVWKH5HGIORRGREVHUYHGVLPXODWHG
GDLO\GLVFKDUJHEHWZHHQDQG

SHULRG
2YHUWKHSHULRGWKHREVHUYHGPHDQGHFDGDOK\GURJUDSK)LJDYDULHVDFFRUGLQJWR
WKHFOLPDWLFSHULRGVREVHUYHGLQ)LJDLWKHKLJKHVWGLVFKDUJHDQGORQJHVWKLJKZDWHUOHYHOVHDVRQ
DUHREVHUYHGGXULQJWKHZHWWHVWGHFDGHVDQGLLGLVFKDUJHGHFUHDVHVGXULQJ
WKHILUVWGU\GHFDGHDQGUHDFKHV LWV ORZHUOHYHOGXULQJWKHGULHVWGHFDGH
LLLEHIRUHULVLQJXSRYHUWKHWZRODVWGHFDGHVDQGEXWZLWKRXWUHDFKLQJWKH
VV OHYHOV )URP WR  WKH GHFDGDO K\GURJUDSK LV XQLPRGDO$ IHZ LQGLYLGXDO \HDUV
SUHVHQWDELPRGDOVKDSH)LJEXWWKHVHDUHWRRIHZWRLQIOXHQFHWKHGHFDGDOPHDQ,QDQ\
FDVHWKH5HGIORRGOHYHOQHYHUH[FHHGWKH*XLQHDQIORRGLQWKHVHHDUO\GHFDGHV7KHODVWGHFDGH
ELPRGDOK\GURJUDSKVKDSHUHIOHFWVWKHLQFUHDVHLQLQWHQVLW\DQGIUHTXHQF\RIWKHDQQXDOEL
PRGDOUHJLPHDQGWKHRFFXUUHQFHRI WKH5HGIORRGRYHUSDVVLQJWKH*XLQHDQIORRG)LJE
%DVHGRQWKHWRWDOZDWHUYROXPHRIWKH5HGIORRGWZRPDMRUSHULRGDSSHDUVFRQVLVWHQWZLWKWKHDQQXDO
PHDQ1LDPH\5HGIORRGGLVFKDUJHLQGH[)LJGLWRFKDUDFWHULVHGE\DGHFUHDVHRI
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WKHGHFDGDOPHDQYROXPHGXULQJWKHUDLQ\VHDVRQIURPNPLQWRNPLQ
DQGLLWRFKDUDFWHULVHGE\DVWHDG\LQFUHDVHWRZDUGVWKHKLJKHVWYDOXHVRIWKHZKROH
SHULRGIURPNPLQGHFDGHWRNPLQ$VSUHYLRXVO\KLJKOLJKWHGLQ)LJ
GWKHUHFHQW5HGIORRGVLQFHWKHVLVKLJKHUWKDQGXULQJWKHZHWWHVWGHFDGHV
 
)LJXUH2EVHUYHGDQGVLPXODWHGGHFDGDOPHDQGLVFKDUJHDW1LDPH\VWDWLRQEHWZHHQ
DQG
7KHVLPXODWLRQUHSURGXFHVZHOOWKHXQLPRGDOVKDSHRIWKHK\GURJUDSK)LJ7KH
GDLO\ GLVFKDUJH GLVWULEXWLRQ DUH FORVH WR WKH REVHUYDWLRQ )LJ  IRU WKLV GHFDGH HYHQ WKRXJK
UHODWLYHO\WRWKHRWKHUGHFDGHV)LJLVWRRKLJKFRPSDUHGWRWKHREVHUYDWLRQV,Q)LJ
DIRUREVHUYDWLRQVWKHGLVFKDUJHH[FHHGVGLVFKDUJHZKLOHLWWKHRSSRVLWHIRU
WKHVLPXODWLRQV)LJE
7KHPRVWVWULNLQJIHDWXUHLQ)LJXUHVDQGLVWKHRYHUHVWLPDWLRQRIWKHGLVFKDUJHIRUWKH
ZHWWHVWDQGHDUO\GHFDGHVDQGZKHUHWKHVLPXODWLRQVSURGXFHWRRPXFKUXQRII
)RU WKHVHZHW GHFDGHV WKH GLVFKDUJH RYHUHVWLPDWLRQ OHDGV WR DQ LQFUHDVH RI WKH5HG IORRG DQG D
UHLQIRUFHPHQWRIWKHELPRGDOVKDSHRIWKHGHFDGDOK\GURJUDSK)LJEFRQWUDU\WRREVHUYDWLRQV
7KHKLJKUDLQUDWHVRYHUWKHDUHDGXULQJWKHZHWGHFDGHVOHDGVWRHQKDQFHGUXQRIIDQGKLJKGLVFKDUJH
GXULQJWKH5HGIORRGZKHUHDVLQWKHREVHUYDWLRQVWKH5HGIORRGYDOXHVDUHORZGXULQJWKHVHGHFDGHV
7KH5HGIORRGGHFDGDOPHDQYROXPHYDOXHVFRQILUPWKHVWURQJRYHUHVWLPDWLRQIRUWKHHDUO\GHFDGHV
7DEOH
7KHSUHVHQWVXUIDFHFRQGLWLRQVORZYHJHWDWLRQFRYHUDQGKLJKSURSRUWLRQRIEDUHVRLODQG
GUDLQDJHDUHD OHDG WRKLJK UXQRIIDQG ORFDO FRQWULEXWLRQ:LWK WKHVHFRQGLWLRQV VLPXODWLRQVDJUHH
ZLWKWKHREVHUYHGWUHQGVLQ5HGIORRGRFFXUUHQFHDQGLQWHQVLW\EHWZHHQWKHVVGHFDGHVDQGWKH
SUHVHQWSHULRG)RUHDUOLHUGHFDGHVVDQGVWKH5HGIORRGLVKLJKO\RYHUHVWLPDWHGFKDQJHVRWKHU
WKDQWKHUDLQIDOOUHJLPHQHHGWREHLQYHVWLJDWHGWRXQGHUVWDQGWKLVUXQRIIH[FHVVDQGUHGXFHLWLQWKH
VLPXODWLRQV
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
)LJXUH4XDQWLOH4XDQWLOHSORWRI WKH5HGIORRGSHULRGGLVWULEXWLRQRIGDLO\GLVFKDUJHRI
HDFKGHFDGH EHWZHHQDQG7KH[D[LV LV IRUREVHUYDWLRQVDQG WKH\D[LV IRU WKH
VLPXODWLRQV

 
)LJXUH4XDQWLOH4XDQWLOHSORWRIWKHGLVWULEXWLRQRIGDLO\GLVFKDUJHLQ1LDPH\REVHUYHG
LQ D  VLPXODWHG LQ E IRU HDFKGHFDGH VLQFH   WKH UHIHUHQFH [ D[LV LV WKH5HG IORRG
REVHUYHGVLPXODWHGGDLO\GLVFKDUJHEHWZHHQDQG

7DEOH2EVHUYHGDQGVLPXODWHG'HFDGDOPHDQWRWDO5HGIORRGYROXPHLQNPDQGGLIIHUHQFH
EHWZHHQREVHUYHGDQGVLPXODWHGYDOXHVH[SUHVVLQREVHUYDWLRQSHUFHQWDJH
      
2EVHUYDWLRQ      
.5,*           
&3&           
3(56,$11&'5           
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6HQVLWLYLW\WR/8/&DQGGUDLQDJHDUHDFKDQJHV
6HYHUDODXWKRUVKDYHUHSRUWHGWKDWWKH/8/&DQGWKHGUDLQDJHQHWZRUNKDYHFKDQJHGLQWKHVWXG\
DUHDVLQFHWKHWKFHQWXU\/HEODQFHWDO$PRJXHWDO0DPDGRXHWDO,QWKLV
VHFWLRQZHLQYHVWLJDWHWKHVHQVLWLYLW\RIWKHVLPXODWHG5HGIORRGGLVFKDUJHWRWKHYHJHWDWLRQFRYHUDQG
WRWKHGUDLQDJHDUHDWRDVVHVVWKHLUSRWHQWLDOUROH LQWKHREVHUYHGK\GURORJLFDOFKDQJHV LQ1LDPH\
7KH \HDU LOOXVWUDWHVZHOO WKHRYHUHVWLPDWLRQRI5HGIORRGGXULQJ WKHZHWGHFDGHV)LJXUHD
SUHVHQWVWKHVLPXODWHGDQGREVHUYHGGLVFKDUJHLQ1LDPH\WKHREVHUYHGGLVFKDUJHLQ$QVRQJR
XVHGDVLQSXWDQGWKHUDLQIDOOVHULHVRYHUWKH$QVRQJR1LDPH\UHDFKEDVLQ7KHREVHUYDWLRQVKRZV
WKH SUHYLRXVO\ PHQWLRQHG GHILFLW EHWZHHQ $QVRQJR DQG 1LDPH\ ZKLFK LV QRW UHSURGXFHG E\ WKH
PRGHO %XW GXULQJ WKH5HG IORRG WKH SRVLWLYH ELDV LQ WKH VLPXODWHG GLVFKDUJH LQ 1LDPH\ FOHDUO\
H[FHHGV WKLV GHILFLW 7KHPRGHO UHVSRQVH WR WKH KLJKHVW UDLQIDOO UDWHV LV WRR VWURQJ OHDGLQJ WR DQ
RYHUHVWLPDWLRQRIWKHSHDNE\PV)LJXUHGLVSOD\VWKHREVHUYHGGLVFKDUJHLQ1LDPH\DQG
WKH VLPXODWHG GLVFKDUJH ZLWK  GLIIHUHQW PRGHO FRQILJXUDWLRQV L VWDQGDUG VHW XS ZLWK SUHVHQW
FRQGLWLRQ 6& LLPD[LPXP YHJHWDOLVHG FRQGLWLRQ 9&ZLWKZRRGHG VDKHOLDQ VDYDQQDKRQ WKH
HQWLUH$QVRQJR1LDPH\UHDFKEDVLQDQGLLLPD[LXPYHJHWDOL]HGFRQGLWLRQZLWKDUHGXFHGUDLQDJH
DUHD 9&5'ZLWKRXW WKH OHIWEDQNDQG WKH QRUWKHUQSDUWRI WKH*RURXRO WULEXWDU\9&VLPXODWLRQ
UHGXFHV WKH PHDQ5HG IORRGGLVFKDUJH E\ DERXW  DQG9&5' E\ DERXW ZKLFK LV DQ
LPSURYHPHQWFRPSDUHGWRWKHUHIHUHQFHVLPXODWLRQEXWWKHGLVFKDUJHLVVWLOORYHUHVWLPDWHG7KHVDPH
EHKDYLRXULVIRXQGIRUWKHRYHUDOODQGGHFDGHV)LJ&KDQJLQJWKH/8/&
DQGGUDLQDJHDUHDLPSURYHVWKHGDLO\GLVWULEXWLRQRIWKHGLVFKDUJHDQGLWVUHODWLYHSRVLWLRQFRPSDUHG
WRWKHSHULRG+RZHYHUXQOLNHIRUREVHUYDWLRQV)LJDWKH5HGIORRGVVLPXODWHGLQWKH
VVDUHVWLOOH[FHHGLQJWKH5HGIORRGVRIUHFHQWGHFDGHV)LJF
6RPHRIWKHUHPDLQLQJSRVLWLYHELDV LQWKH9&'5VLPXODWLRQLVGXHWRWKHOLPLWVRIWKH,6%$
75,3PRGHOZKLFK LV QRW DEOH WR UHSURGXFH WKH ORVV EHWZHHQ $QVRQJR DQG1LDPH\ 7KH FRDUVH
UHVROXWLRQ RI WKHPRGHO DQG LQ LWV VLPSOH UHSUHVHQWDWLRQ RI WKH YHJHWDWLRQ FRYHU DQG WKH GUDLQDJH
V\VWHPVDUHDOVROLPLWDWLRQV&URSVRUVSHFLILFVDKHOLDQHFRV\VWHPVDVLQWLJJHUEXVK6HJKLHULHWDO
*DOOHHWDODUHQRWUHSUHVHQWHGH[SOLFLWHO\ LQ WKHSUHVHQWFRQILJXUDWLRQ7KHFRPSOH[
K\GURORJLFDO EHKDYLRXU RI WKH WHPSRUDU\ WULEXWDULHV NRULV DQG WKHLU HYROXWLRQZLWKLQ WKH VHDVRQ
ZKHQKHDY\UDLQIDOOPD\FUHDWHQHZZDWHUSDWKZD\VLVQRWUHSURGXFHGZLWKDJOREDOPRGHODV,6%$
75,30RUHZRUNZLOOEHGRQHLQWKHIXWXUHWRLPSURYHWKHPRGHOUHDOLVP


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
)LJXUH+\GURJUDPRIREVHUYHGGLVFKDUJHLQ$QVRQJRDQG1LDPH\VWDWLRQEODFNGRWWHGDQG
VROLG OLQHV VLPXODWHG GLVFKDUJH LQ 1LDPH\ FRXORUHG OLQHV ZLWK  VFHQDULL  UHFHQW VXUIDFH
FRQGLWLRQ 5& IXOO\ YHJHWDWHG EDVLQ FRQGLWLRQ 9& DQG IXOO\ YHJHWDWHG EDVLQ ZLWK VPDOOHU
GUDLQDJHDUHDFRQGLWLRQ9&'5

  
)LJXUH4XDQWLOH4XDQWLOHSORWRIGDLO\DQQXDOGLVFKDUJHRIHDFKGHFDGHWKHUHIHUHQFHLVGDLO\
GLVFKDUJHEHWZHHQDQG

 &RQFOXVLRQ
7KLVSDSHUDQDO\VHVK\GURORJLFDOFKDQJHVLQWKH6DKHOUHJLRQVLQFHWKHVZLWKDIRFXVRQWKH
PLGGOH1LJHU ULYHU LQ WKH YLFLQLW\ RI1LDPH\ ZKHUH IORRGV KDYH LQFUHDVHG GUDVWLFDOO\ 7KH VWXG\
IRFXVHVRQWKH$QVRQJR1LDPH\UHDFKEDVLQZKHUHWKH5HGIORRGWKDWFDXVHGPDQ\GDPDJHVLQWKH
ODVWGHFDGHLVJHQHUDWHG7KHUDLQIDOORYHUWKHVWXGLHGDUHDKDVIROORZHGWKHJHQHUDOWUHQGWKDW6DKHO
KDVRYHUFRPHEHWZHHQDQGDZHWSHULRGGXULQJVDQGVDORQJGURXJKWGXULQJV
DQG V DQG D UHFHQW SDUWLDO UHFRYHU\ RI UDLQIDOO 7KH LQWHQVLW\ RI WKH 5HG IORRG LQ 1LDPH\ LV
LQIOXHQFHGE\WKHXSSHU1LJHUIORZDUULYLQJLQ$QVRQJRDQGE\³ORFDO´UXQRIISURGXFHGLQWKHVXE
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EDVLQ EHWZHHQ$QVRQJR DQG1LDPH\ &KDQJHV LQ WKH5HG IORRG VLJQDO RYHU WKH ODVW  \HDUV DUH
H[SODLQHGE\WKHFKDQJHVLQERWKFRPSRQHQWVZKLFKKDYHEHHQDQDO\VHGEDVHGRQVWDQGDUGLQGH[HV
7KHXSSHU1LJHUFRQWULEXWLRQKDV IROORZHGWKHFOLPDWLFWUHQG7KHFRUUHVSRQGLQJ LQGH[ LVSRVLWLYH
GXULQJWKHVVQHJDWLYHGXULQJWKHGURXJKWVRIWKHVVDQGYDULHVDURXQGVLQFHWKHV
7KHORFDOUXQRIIFRQWULEXWLRQKDVEHHQFRQWLQXRXVO\LQFUHDVLQJRYHUWKHSHULRGZKLFKLV
SDUDGR[LFDOJLYHQWKHUDLQIDOO VLJQDO7KLVGRXEOHLQIOXHQFHUHVXOWV LQDSURJUHVVLYH LQFUHDVHRI WKH
5HGIORRGVLQFHWKHVDQGSDUDGR[LFDOO\WKH5HGIORRGKDVEHHQKLJKHULQWKHODVWGHFDGHWKDQLQWKH
ZHWWHVWGHFDGHVRIWKHVHULHV
7KLVVWXG\SURYLGHVDEHWWHUXQGHUVWDQGLQJRIWKHUROHVRIUDLQIDOODQGVXUIDFHFRQGLWLRQV/8/&
DQGGUDLQDJHDUHD LQWKHVHREVHUYHGFKDQJHV WKDQNVWRK\GURORJLFDOVLPXODWLRQV7KHVLPXODWLRQV
EDVHG RQ WKH FXUUHQW VXUIDFH FRQGLWLRQV DUH DEOH WR UHSURGXFH WKH REVHUYHG WUHQG LQ 5HG IORRG
RFFXUUHQFHDQG LQWHQVLW\ VLQFHWKHV7KLVKDVEHHQYHULILHGZLWKWKUHH LQGHSHQGHQWUDLQIDOOGDWD
VHWV ZKLFK SURYLGH VLPLODU PRQWKO\ UDLQIDOO DFFXPXODWLRQV RYHU WKH GRPDLQ EXW ZLWK PDUNHG
GLIIHUHQFHVDWVPDOOHUVFDOHV7KLVUHVXOWLPSOLHVWKDWUDLQIDOOLQWHUDQQXDOYDULDELOLW\LVWKHPDLQGULYHU
IRUWKHFKDQJHVREVHUYHGVLQFHWKHHDUO\VWKHK\GURJUDSKKDVEHFRPHELPRGDO³FDPHO´VKDSH
DQG WKH 5HG IORRG LV LQWHQVLI\LQJ 7KH VLPXODWLRQ UHVXOWV VLQFH  RQO\ RQH UDLQIDOO SURGXFW
DYDLODEOHUHYHDOVWKDW/8/&DQGGUDLQDJHDUHDFKDQJHVVKRXOGEHFRQVLGHUHG7KHVLPXODWLRQEDVHG
RQ FXUUHQW VXUIDFH FRQGLWLRQV UHSURGXFHV WKH PDLQ K\GURORJLFDO FKDQJHV VLQFH WKH V EXW
RYHUHVWLPDWHVWKHGLVFKDUJHGXULQJWKHVDQGV,QFUHDVLQJWKHYHJHWDWLRQFRYHUDQGUHGXFLQJWKH
GUDLQDJHDUHDGHFUHDVHV WKH UXQRIISURGXFWLRQ LQ WKHPRGHODQGVLPXODWHVGLVFKDUJHVFORVHU WR WKH
REVHUYDWLRQV V DQG V 7KLV UHVXOW LPSOLHV WKDW FKDQJHV LQ WKH HQYLURQPHQWDO FRQGLWLRQV DUH
UHVSRQVLEOH IRU WKHFKDQJH LQ K\GURORJLFDO EHKDYLRXUEHWZHHQ WKH VVGHFDGHVDQG WKHVWR
SUHVHQWSHULRG7KHVFHQDULRZKLFKHPHUJHVIURPWKHVHUHVXOWVLVWKHIROORZLQJLQVDQGVVXUIDFH
FRQGLWLRQVZLWKPRUHZRRG\DUHDDQGOHVVFURSDQGEDUHVRLO WKDQ LQWKHSUHVHQWGD\V OLPLWHGWKH
UXQRIIDQGWKXVWKHORFDOFRQWULEXWLRQWRWKH5HGIORRGGHVSLWHWKHKLJKUDLQIDOODPRXQWV&KDQJHVLQ
VXUIDFHFRQGLWLRQVEHFDXVHRIFOLPDWLFYDULDWLRQVDQGDQWKURSLFSUHVVXUHGXULQJVDQGVKDYH
LQFUHDVHGWKHUXQRIIFRHIILFLHQWDVDOUHDG\VXJJHVWHGE\PDQ\DXWKRUV$PDQLDQG1JXHWRUD0DKp
HW DO $PRJX HW DO 'HVFURL[ HW DO $LFK HW DO 7KLV OHG WR DQ LQFUHDVHG ORFDO
FRQWULEXWLRQWRWKH5HGIORRGLQVSLWHRIWKHUDLQIDOOGHILFLW7KLVQHZVXUIDFHFRQGLWLRQVUHVXOWLQDQ
HQKDQFHGVHQVLWLYLW\RIWKHK\GURORJLFDOUHVSRQVHWRUDLQIDOOYDULDELOLW\EHFDXVHUXQRIIKDVLQFUHDVHG
DQGVXUIDFHZDWHUSURSDJDWHVUHODWLYHO\IDVWRQEDUHRUSRRUO\YHJHWDWHGVRLOV$FFRUGLQJO\VLQFHWKH
V WKH UDLQIDOO ³UHFRYHU\´ LV HQKDQFLQJ WKH ORFDO UXQRII SURGXFWLRQ DQG FRQGXFWV WR D GUDPDWLF
LQFUHDVHRIWKH5HGIORRG7KH5HGIORRGLVDOVRZHOOVHSDUDWHGLQWLPHIURPWKH*XLQHDQIORRGH[FHHGV
LWDQGKDVUHDFKHGWKHKLJKHVWOHYHOHYHUUHFRUGHG&OLPDWHYDULDELOLW\ZLWKLWVFRQVHTXHQFHVRQWKH
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UDLQIDOOUHJLPHDQG/8/&FKDQJHVKDYHERWKSOD\HGDUROHLQWXUQLQWKHUHFHQWIORRGULVNLQFUHDVH
LQ1LDPH\:KHWKHUFOLPDWHUDLQIDOOYDULDELOLW\RU/8/&LVWKHGRPLQDQWIDFWRUGHSHQGVRQWKHWLPH
VFDOHFRQVLGHUHG
0RUHZRUNFRXOGEHGRQHWRDQDO\VH WKHH[DFW WLPLQJRIWKHFKDQJHV7KHPRGHOXVHGKHUH LV
UHODWLYHO\FRDUVHLQUHVROXWLRQWKHSK\VLFVLVVLPSOLILHGDQGGRHVQRWUHSUHVHQWDOOWKHFRPSOH[LW\RI
WKHYHJHWDWLRQK\GURORJ\ LQWHUDFWLRQ8QFHUWDLQWLHVLQWKHUDLQIDOO IRUFLQJDQGWKHGLVFKDUJHGDWDLV
DOVROLPLWLQJ)XUWKHUHIIRUWVKRXOGEHGRQHWRXQGHUVWDQGWKHUROHRIUDLQIDOOLQWKHUHFHQWLQFUHDVHRI
WKH5HGIORRGLQWHQVLW\+DVVRPHVSHFLILFFKDQJHVLQWKHUDLQIDOOUHJLPHFRQWULEXWHGWRWKHLQFUHDVHG
IORRGULVNLQFUHDVH LQWKH IUHTXHQF\RULQWHQVLW\RIH[WUHPHHYHQWVFKDQJHV LQWKHGU\ZHWVSHOOV
HWF«"+LJKUHVROXWLRQUDLQIDOOSURGXFWVPRGHOVDQG/8/&FKDQJHVPDSVDUHQHHGHGWRLQYHVWLJDWH
WKHVHTXHVWLRQVDWWKHUHOHYDQWVFDOHV(IIRUWVKRXOGDOVREHGRQHWREHWWHUXQGHUVWDQGWKHGUDLQDJH
DUHDFKDQJHVDQGLQWHJUDWHDPRUHUHDOLVWLFUHSUHVHQWDWLRQRIWKHWHPSRUDU\ULYHUV.RULVDQGRIWKH
HQGRUHLFDUHDVLQWKHK\GURORJLFDOPRGHOOLQJ

$FNQRZOHGJPHQWV
 :HZDUPO\WKDQNWKH1LJHU%DVLQ$XWKRULW\$%1IRUSURYLGLQJWKH1LJHU5LYHUGLVFKDUJHGDWD
DQGIRUWKHLUFROODERUDWLRQ:HZRXOGOLNHDOVRWRWKDQNDOOWKHWHDPVWKDWSURYLGHGWKHYDULRXVUDLQIDOO
GDWDVHWVRQOLQH:HDOVRDUHJUDWHIXOWR/*DOIRUKHUSUHFLRXVKHOSDQGDGYLFHIRUWKHPDSV7KLV
ZRUNKDVEHHQFRIXQGHGE\WKH)UHQFK&HQWUH1DWLRQDOG¶(WXGHVVSDWLDOHV&1(6DQGWKH0LGL
3\UpQpHVUHJLRQ

5HIHUHQFHV
$LFK9/LHUVFK69HWWHU7$QGHUVVRQ-0OOHU(+DWWHUPDQQ)&OLPDWHRU/DQG8VH"²$WWULEXWLRQRI
&KDQJHVLQ5LYHU)ORRGLQJLQWKH6DKHO=RQH:DWHU±GRLZ
$OEHUJHO-6pFKHUHVVHGpVHUWLILFDWLRQHWUHVVRXUFHVHQHDXGHVXUIDFH$SSOLFDWLRQDX[SHWLWVEDVVLQVGX
%XUNLQD)DVRLQ7KH,QIOXHQFHRI&OLPDWH&KDQJHDQG&OLPDWLF9DULDELOLW\RQWKH+\GURORJLF5HJLPHDQG:DWHU
5HVRXUFHV,$+69DQFRXYHUSS±
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$SSHQGL[
7KHWKUHHORQJWHUPUDLQIDOOGDWDVHWXVHGLQWKHSUHVHQWVWXG\KDYHEHHQHYDOXDWHGDJDLQVWDGHQVH
QHWZRUNRIJDXJHV7KHQHWZRUNLVRQHRIWKHLQVWUXPHQWHGVLWHRIWKH$00$&$7&+REVHUYDWRU\
V\VWHP $IULFDQ 0RQVRRQ 0XOWLGLVFLSOLQDU\ $QDO\VLV  &$7&+ VWDQGLQJ IRU &RXSODJH GH
O¶$WPRVSKqUH7URSLFDOHHWGX&\FOH+\GURORJLTXHLQ)UHQFK/HEHOHWDO,WLVORFDWHGLQWKH
UHJLRQRI1LDPH\7KHVLWHFRYHUVDQDUHDRI[FHQWUHGDW(DQG1DQGPRQLWRUVWKH
UDLQIDOO VLQFHZLWKDGHQVHJDXJHQHWZRUNEHWZHHQDQGJDXJHV7KLVKLJKUHVROXWLRQ
QHWZRUNZDVDOUHDG\XVHGDVDUHIHUHQFHWRFRPSDUHDQGYDOLGDWHVDWHOOLWHUDLQIDOOSURGXFWV5RFDHW
DO*RVVHWHWDO.LUVWHWWHUHWDO7KHUDLQJDXJHVSURGXFHPLQSXQFWXDOUDLQIDOO
VHULHVZKLFKDUHLQWHUSRODWHGWRDKJULGE\/DQJUDQJLDQNULJLQJ9LVFKHOHWDO7KLV
JURXQGUHIHUHQFHLVUHIHUHGWRDV³.5,*'(16(´KHUHDIWHU
)LJXUH $ FRPSDUHV WKH  UDLQIDOO HVWLPDWHV DQG WKH JURXQG UHIHUHQFH .5,* '(16( 7KH
FRPSDULVRQLVFDUULHGRXWRQIRXUSL[HOVRIDWDGDLO\WLPHVWHSEHWZHHQDQGIRUWKH
UDLQLHVWPRQWKV-XQH-XO\$XJXVWDQG6HSWHPEHU7KHLQWHUDQQXDOVHULHVRIUDLQIDOODFFXPXODWLRQ
LVVDWLVIDFWRU\IRUDOOSURGXFWVEXW.5,*LVFORVHUWRWKHUHIHUHQFHUWKDQ3(56,$11&'5
UDQG&3&U.5,*DQG3(56,$11&'5WHQGWRVPRRWKWKHUDLQIDOO ILHOGV LQWLPH
ZLWKDORZGDLO\FRQGLWLRQDOPHDQUDLQIDOO)LJ$EDQGDORWRIUDLQ\GD\V)LJ$F%RWK.5,*
DQG3(56,$11&'5UHSURGXFHZHOOWKHUDLQIDOOH[WHQVLRQVHHQE\WKHUHIHUHQFHEHWZHHQDQG
EXW.5,*RYHUHVWLPDWHWKHVSDWLDOH[WHQVLRQLQWKHODVW\HDUVWKLVLVDWWULEXWHGWRWKHUHGXFH
QXPEHURIJDXJHVLQWKHQHWZRUN&3&IROORZVWKHWHQGHQF\REVHUYHGZLWKWKHUHIHUHQFHEXWKDVWKH
JUHDWHVW LQWHUDQQXDO YDULDELOLW\ DQG WHQGV WR XQGHUHVWLPDWH WKH UDLQIDOO HYHQWV H[WHQVLRQ $V
KLJKOLJKWHGLQVHYHUDOVWXGLHV5RFDHWDO*RVVHWHWDO&DVVHHWDOUDLQIDOOSURGXFWV
ZLWKVLPLODUDQQXDOUDLQIDOODFFXPXODWLRQPD\H[KLELWODUJHGLIIHUHQFHVLQWKHVSDWLDOWHPSRUDODQG
LQWHQVLW\GLVWULEXWLRQRIUDLQIDOO7KHVHGLIIHUHQFHPD\LPSDFWWKHK\GURORJLFDOVLPXODWLRQV&DVVHHW
DO
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)LJXUH$$QQXDO--$6VHULHVRIUDLQIDOOFKDUDFWHULVWLFVEHWZHHQFRPSXWHIRUWKH
UHIHUHQFH.5,*'(1&(EODFNGRWVDQGWKHWHVWHGSURGXFWV.5,*RSHQJUHHQWULDQJOH
&3& RSHQRUDQJH FLUFOH DQG 3(56,$11&'5 RSHQ EOXH VTXDUH D SUHVHQWV WKH PHDQ
DQQXDOUDLQIDOODPRXQWVHULHVESUHVHQWVWKHDQQXDOQXPEHURIUDLQ\GD\FSUHVHQWVWKHPHDQ
FRQGLWLRQDOGDLO\UDLQIDOOVHULHVDQGGSUHVHQWVWKHPHDQRIUDLQH[WHQVLRQRYHUWKHVWXGLHGDUHD
LQSL[HO
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 /HVSULQFLSDOHVFRQFOXVLRQVGHFHFKDSLWUHFRQVWLWXpSDUO¶DUWLFOH0RGHOEDVHGVWXG\RIWKH
UROHRIUDLQIDOODQG/DQG8VH/DQG&RYHULQWKHFKDQJHVLQ1LJHU5HGIORRGVRFFXUUHQFHDQGLQWHQVLW\
LQ1LDPH\EHWZHHQDQGVRXPLVjODUHYXH+(66VRQWOHVVXLYDQWHV
x /HEDVVLQGXELHI$QVRQJR1LDPH\FRQQDvWOHVPrPHVYDULDWLRQVFOLPDWLTXHVTXHO¶HQVHPEOH
GX6DKHOGHSXLVOHVDQQpHVXQHSpULRGHKXPLGHSHQGDQWOHVDQQpHVHWVXLYLH
SDUXQHORQJXHVpFKHUHVVHSHQGDQWOHVDQQpHVHWSXLVXQHSpULRGHGH©UHSULVHª
GHVSUpFLSLWDWLRQVGHSXLVOHVDQQpHVDYHFGHVFXPXOVTXLQ¶DWWHLJQHQWSDVOHVYDOHXUVGH
ODSpULRGHKXPLGHHWTXLVRQWWUqVYDULDEOHVLQWHUDQQXHOOHPHQW
x /HVYDULDWLRQVLQWHUDQQXHOOHVGXGpELWG¶$QVRQJRFRUUHVSRQGHQWDX[YDULDWLRQVFOLPDWLTXHV
HWODFRQWULEXWLRQGXEDVVLQVXSpULHXUGX1LJHUjODFUXH5RXJHVXLWOHVYDULDWLRQVGHO¶LQGLFH
GHSUpFLSLWDWLRQ
x /DFRQWULEXWLRQORFDOHjODFUXH5RXJHGH1LDPH\QHFHVVHG¶DXJPHQWHUGHSXLVOHVDQQpHV
'HSXLVOHVDQQpHVPDOJUpOHIDLWTXHOHVSOXLHVQ¶DLHQWSDVUHWURXYpOHVFXPXOVGH
OD SpULRGHKXPLGH DQQpHV  HW  OD FRQWULEXWLRQ ORFDOH j OD FUXH5RXJH HVW SOXV
LPSRUWDQWH
x (QWUHHWOHVVLPXODWLRQVEDVpHVVXUXQHFRQILJXUDWLRQUpFHQWHF¶HVWjGLUHDYHF
OHVFDUDFWpULVWLTXHVGXFRXYHUWYpJpWDOHWGHO¶DLUHGHGUDLQDJHFRUUHVSRQGDQWjODSpULRGH
VRQWFDSDEOHVGHUHSURGXLUHOHVFKDQJHPHQWVK\GURORJLTXHVPDMHXUVj1LDPH\$
VDYRLUO¶DXJPHQWDWLRQGHODFUXH5RXJHHWODSURJUHVVLYHDSSDULWLRQG¶XQGRXEOHSLFGHFUXH
&HV UpVXOWDWV VRQW REWHQXV DYHF  W\SHV GH IRUoDJH GH SUpFLSLWDWLRQV LVVXV GH SURGXLWV
G¶HVWLPDWLRQGHVSUpFLSLWDWLRQVGLIIpUHQWV
x (QWUHHW ODPrPHFRQILJXUDWLRQHQWUDvQHXQHVXUHVWLPDWLRQGXGpELWSHQGDQWOD
FUXH5RXJH/HVSUpFLSLWDWLRQVDERQGDQWHVDVVRFLpHVjGHVFRQGLWLRQVGHVXUIDFHVLQGXLVDQW
XQIRUWWDX[GHUXLVVHOOHPHQWHQWUDvQHQWXQHIRUWHFRQWULEXWLRQORFDOHjODFUXH5RXJH8QH
YpJpWDOLVDWLRQ GX EDVVLQ DLQVL TX¶XQH UpGXFWLRQ GH O¶DLUH GH GUDLQDJH SHUPHWWHQW OD
GLPLQXWLRQGHODFRQWULEXWLRQORFDOH
x &HVFRQFOXVLRQVVXUOHVWHQGDQFHVJpQpUDOHVGHO¶DWWULEXWLRQGHVFKDQJHPHQWVK\GURORJLTXHV
QHSHXYHQWrWUHDSSURIRQGLHVTX¶jFRQGLWLRQGHEDVHUODPRGpOLVDWLRQVXUXQRXWLOSOXVSUpFLV
SUHQDQWPLHX[HQFRPSWHOHVVSpFLILFLWpVGHVGLIIpUHQWHVFODVVHVGHYpJpWDWLRQ'¶DXWUHSDUW
OHV HUUHXUV LQKpUHQWHV DX[ IRUoDJHV GH GpELWV HW GH SUpFLSLWDWLRQV OLPLWHQW OD SUpFLVLRQ GHV
FRQFOXVLRQV
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x 8QGRXWHSHUVLVWHHQSDUWLFXOLHUVXUODGpFHQQLH3RXUFHOOHFLOHGpELWVLPXOpHVW
SURFKHGHVREVHUYDWLRQV(QUHYDQFKHUHODWLYHPHQWDX[DXWUHVGpFHQQLHVOHGpELWVLPXOpHQWUH
VHPEOHWURSLPSRUWDQW&HWWHOpJqUHVXUHVWLPDWLRQSRXUUDLWSURYHQLUG¶XQHVRXV
HVWLPDWLRQ GH OD YpJpWDWLRQ RX G¶XQH VXUHVWLPDWLRQ GH O¶DLUH GH GUDLQDJH /H U{OH GHV
FKDQJHPHQWV GX VRO SHUVLVWHUDLW GRQF GDQV OHV DQQpHV  /H IDLW TXH OH IRUoDJH
DWPRVSKpULTXHKRUVSUpFLSLWDWLRQVFRUUHVSRQGHjXQHPR\HQQHLQWHUDQQXHOOHHQWUHHW
 FRQVWLWXH pJDOHPHQW XQH VRXUFH SRVVLEOH G¶HUUHXU /HV FRQGLWLRQV DWPRVSKpULTXHV
SHQGDQW OD VpFKHUHVVH SRXUUDLHQW GLIIpUHU GHV FRQGLWLRQV SOXV UpFHQWHV &HOOHVFL
HQWUDLQHUDLHQW XQH VRXVHVWLPDWLRQ GH O¶pYDSRWUDQVSLUDWLRQ HW GRQF GHV pFRXOHPHQWV SOXV
LPSRUWDQWV
x /HVFpQDULRTXHVHPEOHpEDXFKHUFHWWHpWXGHHVWTXHOHVFRQGLWLRQVJpQpUDOHVGHVXUIDFHGHV
DQQpHVHWOLPLWDLHQWOHUXLVVHOOHPHQWHWGRQFODFRQWULEXWLRQORFDOHjODFUXH5RXJH
PDOJUpGHVFXPXOVGHSOXLHVLPSRUWDQWV'HVFKDQJHPHQWVGHFRQGLWLRQVGHVXUIDFHHQWUHOHV
DQQpHV  HW  RQW SURJUHVVLYHPHQW PHQp j XQH DXJPHQWDWLRQ GHV FRpILFLHQWV GH
UXLVVHOOHPHQW HW GRQF GH OD FRQWULEXWLRQ ORFDOH j OD FUXH 5RXJH PDOJUp OH GpILFLW
SOXYLRPpWULTXH(QILQ OD ©UHSULVHª GHV SUpFLSLWDWLRQV GHSXLV OHV DQQpHV  DVVRFLpH j
FHWWH DXJPHQWDWLRQ GH OD FRQWULEXWLRQ ORFDOH HQWUDvQH XQH DXJPHQWDWLRQ LPSRUWDQWH GH OD
FUXH5RXJHTXLGpSDVVHFHOOHGHVDQQpHVOHVSOXVKXPLGHVHWVHGpWDFKHGHODFUXH*XLQpHQQH
DOODQWPrPH MXVTX¶j OD GpSDVVHU /HV  GHUQLqUHV GpFHQQLHV OHV SOXLHV VHXOHV SHUPHWWHQW
G¶H[SOLTXHUOHVFKDQJHPHQWVK\GURORJLTXHV&HVRQWGRQFOHVFKDQJHPHQWVGHVSUpFLSLWDWLRQV
VXUGHVVXUIDFHVGpMjPRGLILpHVTXLRQWHQWUDvQpO¶DXJPHQWDWLRQUpFHQWHGHODFUXH5RXJHj
1LDPH\
x /DOXPLqUHGRLWHQFRUHrWUHIDLWHVXUODPDQLqUHGRQWOHVSUpFLSLWDWLRQVRQWFKDQJpGHSXLVOHV
DQQpHVjO¶pFKHOOHMRXUQDOLqUHHWLQIUDMRXUQDOLqUHSRXUPLHX[FRPSUHQGUHO¶LPSDFWGH
FHVFKDQJHPHQWVVXUO¶K\GURORJLH8QHPRGpOLVDWLRQSOXVILQHGHVSURFHVVXVGHUXLVVHOOHPHQW
VHUDLW QpFHVVDLUH SRXU DQDO\VHU OH U{OH pYHQWXHO GH O¶LQWHQVLILFDWLRQ GHV SOXLHV GpFULWH SDU
FHUWDLQVDXWHXUV3DQWKRXHWDO
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Conclusions & Perspectives 



HVWUDYDX[GHWKqVHSUpVHQWpVGDQVFHPDQXVFULWV¶LQVFULYHQWGDQVOHFDGUHGHODPLVVLRQ
0HJKD7URSLTXHV07YLVDQWjDPpOLRUHU ODFRPSUpKHQVLRQGHVF\FOHVGHO¶HDXHWGH
O¶pQHUJLHGDQV OD]RQHWURSLFDOH,OVV¶LQVFULYHQWpJDOHPHQWGDQVXQFDGUHSOXVJpQpUDO
G¶XWLOLVDWLRQ GHV PR\HQV VSDWLDX[ SRXU UpSRQGUH j FHW REMHFWLI &HV WUDYDX[ VH IRFDOLVHQW SOXV
SDUWLFXOLqUHPHQWVXUOHVXLYLGHO¶K\GURORJLHHWGHVHVFKDQJHPHQWVJUkFHjXQHDSSURFKHFRPELQDQW
OD PRGpOLVDWLRQ HW OHV HVWLPDWLRQV GHV SUpFLSLWDWLRQV /¶$IULTXH GH O¶2XHVW HVW WRXFKpH GHSXLV OHV
DQQpHVSDUGHIRUWHVYDULDWLRQVFOLPDWLTXHVHWK\GURORJLTXHV0DLVHOOHQHEpQpILFLHSDVHQFRUH
GHPR\HQVG¶REVHUYDWLRQVLQVLWXVXIILVDPPHQWVWDEOHVGDQVOHWHPSVHWFRXYUDQWGHODUJHVpFKHOOHV
SRXUOHVXLYLHWODJHVWLRQLQWpJUpHGHVFRQVpTXHQFHVTX¶LQGXLVHQWGHWHOVFKDQJHPHQWV/H1LJHUHVW
OHEDVVLQK\GURORJLTXH OHSOXVJUDQGGHO¶$IULTXHGHO¶2XHVW,OFRQVWLWXHXQHUHVVRXUFHHVVHQWLHOOH
SRXUOHVSRSXODWLRQVPDLVSHXWDXVVLrWUHODFDXVHGHGUDPDWLTXHVLQRQGDWLRQV1LDPH\IDLWSDUWLH
GHVQRPEUHXVHVYLOOHVD\DQWFRQQXXQHUHFUXGHVFHQFHGHVLQRQGDWLRQVIOXYLDOHVHQSDUWLFXOLHUGHSXLV
OHVDQQpHV(QHWOHVSOXVKDXWVGpELWVMDPDLVHQUHJLVWUpVGHSXLVOHGpEXW
GHVREVHUYDWLRQVHQRQWpWpDWWHLQWVFDXVDQWGHQRPEUHXVHVSHUWHVKXPDLQHV HWPDWpULHOOHV
&HVpYqQHPHQWVVHVRQWSURGXLWVSHQGDQW ODFUXH5RXJHHQJHQGUpHSDUOHVpFRXOHPHQWVWRUUHQWLHOV
ORFDX[SHQGDQWODPRXVVRQTXLVHVXSHUSRVHQWDX[FRQWULEXWLRQVDPRQW&HSKpQRPqQHUHVWHGLIILFLOH
jVXLYUHHWjSUpYRLUSDUGHVV\VWqPHVGHPRGpOLVDWLRQGpELWGpELWEDVpVVXUOHVREVHUYDWLRQVGHGpELWV
DX[ QLYHDX[ GHV VWDWLRQV K\GURORJLTXHV '¶XQH SDUW j FDXVH GH OD ORJLVWLTXH RSpUDWLRQQHOOH TXH
GHPDQGHXQWHOVXLYLHWG¶DXWUHSDUWjFDXVHGHODQDWXUHGHVpFRXOHPHQWVOHVNRULVUHVSRQVDEOHVGH
OD FRQWULEXWLRQ ORFDOH GHV SUpFLSLWDWLRQV HQJHQGUDQW OD FUXH 5RXJH VRQW WHPSRUDLUHV HW OHXU OLW
YDULDEOH&HVWUDYDX[VHVRQWFRQFHQWUpVVXUOHEDVVLQGXELHI$QVRQJR1LDPH\RV¶pFRXOHQWOHVNRULV
DOLPHQWDQWODFUXH5RXJHGX1LJHUj1LDPH\
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/HVSURGXLWVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVLVVXVGHPHVXUHVVDWHOOLWHVFRQVWLWXHQWXQHDOWHUQDWLYH
PDMHXUH SRXU OH VXLYL GHV EDVVLQV SHX RX SDV DVVH] FRXYHUWV SDU GHV V\VWqPHV GH PHVXUHV GHV
SUpFLSLWDWLRQVLQVLWX'DQVFHWWHpWXGHGLYHUVSURGXLWVVDWHOOLWHVRQWpWpXWLOLVpVHQWDQWTXHIRUoDJH
G¶XQ PRGqOH JOREDO ,6%$75,3 SRXU pYDOXHU OHXU SRWHQWLHO K\GURORJLTXH HW OHXU FDSDFLWp j
UHSURGXLUHODFUXH5RXJHGH1LDPH\7RXVFHVSURGXLWVVDWHOOLWHVVRQWGLVSRQLEOHVVRXVIRUPHGHJULOOH
DYHF GHV UpVROXWLRQV VSDWLDOH GH  j  HW WHPSRUHOOH MRXUQDOLqUH HW LQIUD MRXUQDOLqUH K&HV
FDUDFWpULVWLTXHV OHV UHQGHQWDGDSWpVDX IRUoDJHGHPRGqOHVGLVWULEXpVHWj ODG\QDPLTXHGHV0&6
VDKpOLHQV TXL JpQqUHQW GHV SOXLHV KpWpURJqQHV VSDWLRWHPSRUHOOHPHQW '¶XQH SDUW GHV SURGXLWV
VDWHOOLWHV ©SXUVª Q¶LQWpJUDQW TXH GHV PHVXUHV VDWHOOLWHV ,5 HW 02 RQW pWp XWLOLVpV %57
&0253+ 3(56,$11 &HV SURGXLWV GLVSRQLEOHV HQ WHPSV TXDVL UpHO DYHF TXHOTXHV KHXUHV j
TXHOTXHVMRXUVGHGpODLVRQWOHVSOXVDGDSWpVjXQVXLYLRSpUDWLRQQHOGHVEDVVLQVK\GURORJLTXHV8Q
qPHSURGXLWVDWHOOLWHSXU7$3((5DpJDOHPHQWpWpWHVWp7$3((5LVVXGHODPLVVLRQ07HVWXQ
SURGXLWGHW\SHUHFKHUFKHSDVHQFRUHGLVSRQLEOHHQWHPSVUpHO,ODSSDUWLHQWjXQHQRXYHOOHJpQpUDWLRQ
GHSURGXLWVVDWHOOLWHVTXLDVVRFLHQWXQHHVWLPDWLRQGHO¶HUUHXUjO¶HVWLPDWLRQGHVSUpFLSLWDWLRQV'HV
SURGXLWVVDWHOOLWHV©SRVWDMXVWpVªF¶HVWjGLUHGRQWOHVDOJRULWKPHVLQWqJUHQWGHVGRQQpHVVDWHOOLWHV
HW LQVLWXRQWpJDOHPHQWpWpXWLOLVpV%Y5)(3(56,$11&'5&HVSURGXLWVQHVRQWSDV
DGDSWpV j XQ VXLYL RSpUDWLRQQHO WHPSV UpHO PDLV GH QRPEUHXVHV pWXGHV RQW PLV HQ DYDQW OHXUV
SHUIRUPDQFHVJpQpUDOHPHQWPHLOOHXUHVTXHFHOOHVGHVSURGXLWVVDWHOOLWHVSXUV,OVRQWGRQFSHUPLVGH
UpSRQGUH DX[ GLYHUVHV TXHVWLRQV SRVpHV GDQV FHWWH WKqVH HW G¶pYDOXHU TXHOOHV FDUDFWpULVWLTXHV GX
IRUoDJHSOXYLRPpWULTXHVRQWQpFHVVDLUHVSRXUOHVXLYLGHODFUXH5RXJHj1LDPH\(QILQGHVSURGXLWV
LVVXV GH PHVXUHV LQVLWX RQW pJDOHPHQW pWp XWLOLVpV XQ SURGXLW JOREDO DYHF XQ IDLEOH QRPEUH GH
SOXYLRPqWUHVVXU OD]RQHG¶pWXGH&3&HWXQSURGXLWUpJLRQDO LVVXG¶XQUpVHDXSOXVGHQVH.5,*
IRXUQL SDU OH /7+('¶XQH SDUW FHV SURGXLWV VRXYHQW FRQVLGpUpV FRPPHGHV UpIpUHQFHV RQW pWp
FRQIURQWpVDX[SURGXLWVVDWHOOLWHV'¶DXWUHSDUWLOVFRQVWLWXHQWGHSOXVORQJXHVDUFKLYHVTXHOHVSURGXLWV
VDWHOOLWHVHWVRQWLQGLVSHQVDEOHVSRXUOHVpWXGHVGHVFKDQJHPHQWVSDVVpV

 Potentiel hydrologique des estimations des précipitations par 
satellites 
8Q GHV REMHFWLIV GH FHV WUDYDX[ GH WKqVH pWDLW G¶pYDOXHU OH SRWHQWLHO GHV HVWLPDWLRQV GHV
SUpFLSLWDWLRQVVDWHOOLWHVSRXUOHVXLYLGHODFUXH5RXJHHWGHODUHFUXGHVFHQFHUpFHQWHGHVLQRQGDWLRQV
j1LDPH\

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 Capacité à reproduire les débits observés 
/HVUpVXOWDWVRQWPRQWUpTXHGHX[FDUDFWpULVWLTXHVVRQWUHTXLVHVSRXUTX¶XQSURGXLWVRLWILDEOH
SRXU OD UHVWLWXWLRQ GX GpELW XQH ERQQH HVWLPDWLRQ GX FXPXO HW XQH ERQQH UHSUpVHQWDWLRQ GH OD
GLVWULEXWLRQ GHV SUpFLSLWDWLRQV VSDWLRWHPSRUHOOHPHQW HW HQ LQWHQVLWp 6XU OD ]RQH HW OD SpULRGH
G¶pWXGH OHV SUpFLSLWDWLRQV HVWLPpHV SDU OHV SURGXLWV VDWHOOLWHV SXUV SUpVHQWHQW GHV ELDLV SRVLWLIV
LPSRUWDQWV&HX[FL VHSURSDJHQWGDQV ODPRGpOLVDWLRQHW LQGXLVHQWGHVGpELWV WUqVDXGHVVXVGH OD
UpDOLWp /HV SURGXLWV VDWHOOLWHV SRVWDMXVWpV HW LQVLWX SUpVHQWHQW GHV FXPXOV GH SUpFLSLWDWLRQ SOXV
UpDOLVWHVHWHQJHQGUHQWGHVVLPXODWLRQVSOXVSURFKHVGHVREVHUYDWLRQV&HSHQGDQWPDOJUpGHVFXPXOV
GH SUpFLSLWDWLRQ VLPLODLUHV OHV GpELWV VLPXOpV SHXYHQW SUpVHQWHU GHV G\QDPLTXHV HW GHV YDOHXUV
GLIIpUHQWHV(QDFFRUGDYHFGHSUpFpGHQWHVpWXGHV5RFDHWDO*RVVHWHWDOFHVWUDYDX[
RQW PLV HQ pYLGHQFH TXH OHV SURGXLWV SUpVHQWDQW OH PrPH FXPXO DQQXHO SHXYHQW GLVWULEXHU
GLIIpUHPPHQW OHV SUpFLSLWDWLRQV HW DLQVL HQJHQGUHU GHV UpSRQVHV K\GURORJLTXHV GLIIpUHQWHV /HV
SURGXLWV FRQFHQWUDQW OHV SUpFLSLWDWLRQV WHPSRUHOOHPHQW HW VSDWLDOHPHQW HW SUpVHQWDQW GH IRUWHV
LQWHQVLWpV WHO TXH %Y SHUPHWWHQW OD PHLOOHXUH UHSURGXFWLRQ GX GpELW REVHUYp '¶DSUqV FHV
UpVXOWDWVFHVSURGXLWVUHSURGXLUDLHQWPLHX[OHVFDUDFWpULVWLTXHVGHVSUpFLSLWDWLRQVVDKpOLHQQHVDORUV
TXHGHVSURGXLWV OLVVDQW OHVSUpFLSLWDWLRQVHQJHQGUHQWXQH UpSRQVH K\GURORJLTXHSOXVPROOHHWGHV
GpELWVVRXVHVWLPpV/HVSURGXLWVEDVpVVXUGHVPHVXUHVLQVLWXRQWWHQGDQFHjOLVVHUOHFKDPSGHSOXLH
jFDXVHGXVRXVpFKDQWLOORQQDJHVSDWLDO HWGHVOLPLWHVGHVDOJRULWKPHVG¶LQWHUSRODWLRQVSDWLDOH/D
QDWXUHKpWpURJqQHGHVSOXLHVSURGXLWHVSDUOHV0&6QpFHVVLWHXQpFKDQWLOORQQDJHVSDWLDOGHQVH

 Capacité à reproduire les inondations  
/¶$%1$XWRULWpGXEDVVLQGX1LJHUDGpILQLXQVHXLOG¶LQRQGDWLRQDXGHVVXVGXTXHO LOHVW
FRQVLGpUpTXHOHIOHXYHGpERUGHGHVRQOLWPDMHXU4XDQGFHVHXLODEVROXHVWXWLOLVpOHVVLPXODWLRQV
EDVpHVVXU OHVSURGXLWVVDWHOOLWHVSXUVHQJHQGUHQWGHVIDXVVHVDODUPHVSHUPDQHQWHV'HX[VROXWLRQV
RQWpWpWHVWpHVSRXUSRXYRLUXWLOLVHUFHVSURGXLWVOHGpELDLVDJHGHVHVWLPDWLRQVGHVSUpFLSLWDWLRQVHW
ODPLVHHQSODFHG¶XQVHXLOUHODWLIEDVpVXUXQTXDQWLOH6LODGpWHFWLRQGHVLQRQGDWLRQVV¶DPpOLRUH
DSUqVOHGpELDLVDJHHOOHHVWHQFRUHPHLOOHXUHDYHFO¶XWLOLVDWLRQG¶XQVHXLOUHODWLI/HGpELDLVDJHHVWXQH
RSpUDWLRQ GpOLFDWH TXL GHPDQGH XQH UpIpUHQFH HW XQH PpWKRGH DGDSWpH 6DQV FHV FRQGLWLRQV OHV
SURGXLWVSHXYHQWrWUHGpJUDGpV3DUH[HPSOHLFLODWHFKQLTXHGHGpELDLVDJHDSHUPLVGHUpGXLUHOHELDLV
PDLVSDUIRLVGHPDQLqUHWURSDEUXSWHHQWUDLQDQWGHVFDVGHQRQGpWHFWLRQGHV LQRQGDWLRQV/HVHXLO
UHODWLIjO¶LQYHUVHSHUPHWGHFRQVHUYHUOHVSURGXLWV©EUXWVªHWDGDSWHVLPSOHPHQWODYDOHXUGXVHXLO
HQIRQFWLRQGXSURGXLWFRQVLGpUp6LOHELDLVGXSURGXLWHVWVWDEOHGDQVOHWHPSVFHWWHPpWKRGHSHUPHW
G¶DPpOLRUHU VLJQLILFDWLYHPHQW OHV SHUIRUPDQFHV GHV SURGXLWV VDWHOOLWHV SXUV (QILQ FHWWH PpWKRGH
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SHUPHWpJDOHPHQWG¶DPpOLRUHU OHVUpVXOWDWVGHVSURGXLWV OHVSOXVSHUIRUPDQWV$YHFXQVHXLOUHODWLI
DSSOLTXpVXU ODSpULRGHHWDYHF MRXUVGHWROpUDQFH ODSUREDELOLWpGHGpWHFWLRQGpSDVVH
7DX[GHIDXVVHDODUPHDXWRXUGHSRXUOHVPHLOOHXUVSURGXLWV&3&5)(HW%Y,O
IDXWpWHQGUHODGXUpHGHWROpUDQFHjMRXUVSRXUREWHQLUGHWHOVUpVXOWDWVDYHFOHVSURGXLWVVDWHOOLWHV
SXUV

 Apport de l’étude  
&HVWUDYDX[FRQVWLWXHQW ODSUHPLqUHWHQWDWLYHGHVXLYLGH ODFUXH5RXJHGH1LDPH\jSDUWLU
G¶XQH PRGpOLVDWLRQ K\GURORJLTXH XWLOLVDQW XQ IRUoDJH SOXYLRPpWULTXH EDVp VXU GHV SURGXLWV
G¶HVWLPDWLRQVDWHOOLWH/HVUpVXOWDWVELHQTX¶HQFRUHLPSURSUHVjXQVXLYLRSpUDWLRQQHOHQWHPSVUpHO
VRQWHQFRXUDJHDQWV,OVHPEOHSRVVLEOHG¶XWLOLVHUXQSURGXLWWHPSVUpHODYHFXQHERQQHUpSDUWLWLRQ
VSDWLRWHPSRUHOOHPDLVXQELDLVVLFHOXLFLHVWVWDEOHGDQVOHWHPSVHWTXHODPpWKRGHG¶DQDO\VHGHV
UpVXOWDWVHVWDGDSWpHVHXLOUHODWLISOXW{WTX¶DEVROX,OVHUDLWWUqVLQWpUHVVDQWGHSRXYRLUFRPSDUHUFHV
UpVXOWDWVDYHFXQHDSSURFKHVLPLODLUHEDVpHVXUXQPRGqOHK\GURORJLTXHFRQFHSWXHOj O¶pFKHOOHGX
EDVVLQ GX ELHI $QVRQJR1LDPH\ HW j O¶pFKHOOH GX EDVVLQ GX 1LJHU GDQV VRQ LQWpJUDOLWp 'H SOXV
O¶DVVLPLODWLRQ GH GRQQpHV VSDWLDOHV DOWLPpWULTXHV WKqVHV & (PHU\  HW 9 3HGLQRWWL HVW XQH SLVWH
LQWpUHVVDQWHSRXUDPpOLRUHUODVLPXODWLRQRXSRXUOHIRUoDJHGDQVGHVFRQILJXUDWLRQVGHVRXVEDVVLQ
FRPPHGpYHORSSpHVGDQVFHWWHpWXGH

 Limites et perspectives 
/¶XQHGHVOLPLWHVGHFHVUpVXOWDWVUpVLGHGDQVODPpWKRGHGHPRGpOLVDWLRQFKRLVLH/HPRGqOH
JOREDO,6%$75,3QHSHXWPRGpOLVHUOHGHOWDLQWpULHXUGX1LJHUFRUUHFWHPHQWHQJHQGUDQWGHJUDQGHV
HUUHXUV GDQV ODPRGpOLVDWLRQ GX GpELW GX1LJHUPR\HQ8Q WHO PRGqOH JOREDO QH SHXW SUHQGUH HQ
FRPSWHGHVVSpFLILFLWpVORFDOHVHWVHFRQFHQWUHVXUOHELODQjO¶pFKHOOHGXEDVVLQ/¶LPSOpPHQWDWLRQGX
PRGqOHVXUOHEDVVLQGXELHI$QVRQJR1LDPH\QpFHVVDLUHSRXUFRQWUHUFHSUREOqPHHQJHQGUHXQH
LQFHUWLWXGHVXUOHVUpVXOWDWVGHPRGpOLVDWLRQjFDXVHGHODVHQVLELOLWpGHFHWWHFRQILJXUDWLRQDXIRUoDJH
GXGpELWj$QVRQJR
'¶DXWUH SDUW OH PRGqOH ,6%$75,3 SUpVHQWH XQH UpVROXWLRQ DVVH] JURVVLqUH GH  &HWWH
UpVROXWLRQ VSDWLDOH HVW DGDSWpH DX[ SURGXLWV G¶HVWLPDWLRQV GHV SUpFLSLWDWLRQV PDLV PRLQV DX[
SURFHVVXVK\GURORJLTXHVORFDX[GRQWOHVpFKHOOHVFOpVVRQWWUqVILQHV0DOJUpODUHSUpVHQWDWLRQVRXV
PDLOOHGHVSUpFLSLWDWLRQVHWGHO¶K\GURORJLHGHVWHVWVGHVHQVLELOLWpRQWPLVHQpYLGHQFHOHVOLPLWHVGH
ODPRGpOLVDWLRQHWOHVVHQVLELOLWpVIRUWHVGHVSDUDPqWUHVUpJLVVDQWFHVSURFHVVXV/HVERQVUpVXOWDWVGHV
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SURGXLWV DYHF GHV IRUWHV LQWHQVLWpV HW XQH KpWpURJpQpLWp VSDWLRWHPSRUHOOH UHIOqWHQW SHXWrWUH XQH
FRPSHQVDWLRQGHVIDLEOHVVHVGXPRGqOH
/HOLVVDJHGHVFKDPSVGHSOXLHHQWUDvQDQWXQHVRXVHVWLPDWLRQGXGpELWSHXWrWUHH[DFHUEpSDUXQH
PpWKRGHGHGpVDJUpJDWLRQQRQDGDSWpH(QHIIHWSOXVLHXUVSURGXLWVVRQWPRLQVUpVROXVTXHOHPRGqOH
OHVXWLOLVHUHQIRUoDJHQpFHVVLWHGRQFGHOHVGpVDJUpJHU2UXQHGpVDJUpJDWLRQXQLIRUPHSURGXLWGHV
FKDPSVGHSOXLHWURSOLVVHV6XUOD]RQHG¶pWXGHHWDYHFOHVSURGXLWVFRQVLGpUpVXQHGpVDJUpJDWLRQ
WHPSRUHOOH FRQFHQWUDQW WRXWH OHV SUpFLSLWDWLRQV MRXUQDOLqUHV GDQV XQ SDV GH WHPSV GH K D pWp
FRQVLGpUpHFRPPHUHSUpVHQWDWLYHGHODG\QDPLTXHGHV0&6VDKpOLHQ(WXQHGpVDJUpJDWLRQVSDWLDOH
XQLIRUPH D pWp DSSOLTXpH8QHPHLOOHXUHPpWKRGH GH GpVDJUpJDWLRQ WKqVH&*XLOORWHDX SRXUUDLW
DPpOLRUHUOHVUpVXOWDWVGHVLPXODWLRQ

 Le produit pluviométrique TAPEER de Megha-Tropiques, et la 
propagation de l’erreur associée 
 Contexte et utilisation du produit TAPEER 
/¶DYqQHPHQWGXSURGXLW7$3((5LVVXGHODPLVVLRQ07YLHQWHQULFKLUOHSDQHOGHVSURGXLWV
G¶HVWLPDWLRQGHVSUpFLSLWDWLRQV7$3((5DSSDUWLHQWjXQHQRXYHOOHJpQpUDWLRQGHSURGXLWVVDWHOOLWH
*30TXLVRQWEDVpVVXUXQHTXDQWLWp LPSRUWDQWHGHGRQQpHV02HWGRQWO¶LQQRYDWLRQUpVLGHGDQV
O¶HVWLPDWLRQGHO¶HUUHXUDVVRFLpHDX[SUpFLSLWDWLRQV&HSURGXLWGHVWLQpjODUHFKHUFKHHQRSSRVLWLRQ
DX[ SURGXLWV RSpUDWLRQQHOV HVW GLVSRQLEOH j XQH UpVROXWLRQ GH M 6RQ DOJRULWKPH VH EDVH
XQLTXHPHQWVXUGHVPHVXUHVVDWHOOLWHV,5HW02jFHWLWUH7$3((5HVWXQSURGXLWG¶HVWLPDWLRQGHV
SUpFLSLWDWLRQV VDWHOOLWH SXU 6D YHUVLRQ DFWXHOOH7$3((5 D pWp XWLOLVpH HQ WDQW TXH IRUoDJH GX
PRGqOH,6%$75,3LPSOpPHQWpVXUOHEDVVLQGXELHI$QVRQJR1LDPH\SRXUDSSURIRQGLUODTXHVWLRQ
GH OD SURSDJDWLRQ GH O¶HUUHXU GX IRUoDJH SOXYLRPpWULTXH GDQV ODPRGpOLVDWLRQ K\GURORJLTXH0DLV
G¶DXWUHV TXHVWLRQV VRQW VRXOHYpHV SDU VD SUHPLqUH XWLOLVDWLRQ HQ WDQW TXH IRUoDJH'¶XQH SDUW OHV
SHUIRUPDQFHVK\GURORJLTXHVGH7$3((5pWDLHQWHQFRUHLQFRQQXHVMXVTX¶jVRQXWLOLVDWLRQGDQVFHWWH
pWXGHHWGRLYHQWrWUHH[SORUpHV'¶DXWUHSDUWGDQVXQFRQWH[WHRO¶pFKDQWLOORQQDJH02GHVWURSLTXHV
ULVTXHGHGLPLQXHUDYHF OD ILQGH7500 O¶LPSDFWG¶XQHGpJUDGDWLRQGH ODFRQVWHOODWLRQ02VXU
7$3((5GRLWpJDOHPHQWrWUHDERUGp



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 Performances hydrologiques et dégradation de la constellation Micro-Onde 
/HVUpVXOWDWVGHVVLPXODWLRQVSRXUO¶DQQpHRQWGpPRQWUpTXHOHSURGXLW7$3((5pJDOH
OHVSHUIRUPDQFHVGHVSURGXLWVVDWHOOLWHVSRVWDMXVWpVHWGHVSURGXLWVLQVLWXSRXUODPRGpOLVDWLRQGHOD
FUXH5RXJHGX1LJHUj1LDPH\7$3((5HQJHQGUHXQHVRXVHVWLPDWLRQGXSLFGHFUXHPDLVOHPrPH
FRQVWDWHVWIDLWSRXUGHQRPEUHX[SURGXLWVHQ0DOJUpWRXWLOHVWFODLUTXH7$3((5VXUSDVVHOHV
DXWUHVSURGXLWVVDWHOOLWHVSXUVHWTX¶LOSUpVHQWHUDLWXQSRWHQWLHOIRUWSRXUOHVXLYLRSpUDWLRQQHOV¶LOpWDLW
GLVSRQLEOHHQWHPSVUpHO
3RXUWHVWHU O¶LPSDFWGHODGLPLQXWLRQGH ODEDVHG¶DSSUHQWLVVDJH02QpFHVVDLUHj O¶DOJRULWKPHGH
7$3((5GLIIpUHQWHVVLPXODWLRQVRQWpWpUpDOLVpHVjSDUWLUGHFRQVWHOODWLRQVSOXVRXPRLQVULFKHVHQ
PHVXUHV02DYHFRXVDQV6$3+,5RXG¶DXWUHVUDGLRPqWUHV/HVERQQHVSHUIRUPDQFHVGHODYHUVLRQ
QRPLQDOH GH 7$3((5 FKXWHQW DYHF OD GLPLQXWLRQ GH OD EDVH G¶DSSUHQWLVVDJH 02 (Q HIIHW OD
GLPLQXWLRQGHODEDVHG¶DSSUHQWLVVDJH02LQGXLWGHVELDLVGDQVO¶HVWLPDWLRQGHVSUpFLSLWDWLRQV&HV
ELDLVVHSURSDJHQWSDU ODVXLWHGDQV ODPRGpOLVDWLRQK\GURORJLTXHHW LPSDFWHQW OHGpELWVLPXOp3DU
H[HPSOHVDQV6$3+,5GDQVODFRQVWHOODWLRQ02XWLOLVpHSRXUFRQVWUXLUH7$3((5XQELDLVQpJDWLI
VXUOHVSUpFLSLWDWLRQVDSSDUDLWHWHQJHQGUHXQGpELWVLPXOpSOXVIDLEOHTX¶DYHFODYHUVLRQQRPLQDOHGH
7$3((5HW VRXVHVWLPDQW HQFRUHSOXV OHVREVHUYDWLRQV0DOJUp WRXW OHV VLPXODWLRQV UpDOLVpHVj
SDUWLU GHV GLIIpUHQWHV FRQVWHOODWLRQV VRQW DVVH] VHPEODEOHV HW SHUIRUPDQWHV UHIOpWDQW XQH FHUWDLQH
UREXVWHVVHGHO¶DOJRULWKPH7$3((5jODGLPLQXWLRQGHVGRQQpHV02(QUHYDQFKHO¶DEVHQFHWRWDOH
GH02LPSOLTXHXQHPRGLILFDWLRQGHFHWDOJRULWKPHVXSSUHVVLRQGHODSKDVHG¶DSSUHQWLVVDJH&H
FKDQJHPHQW LQGXLW GHV ELDLV WUqV LPSRUWDQWV GDQV OHV SUpFLSLWDWLRQV TXL VH UpSHUFXWHQW GDQV OD
PRGpOLVDWLRQ K\GURORJLTXH HW OD GpJUDGHQW IRUWHPHQW /D SUpVHQFH GH PHVXUHV 02 HVW GRQF
LQGLVSHQVDEOHSRXUTXHOHSURGXLW7$3((5VRLWSHUIRUPDQWGDQVODPRGpOLVDWLRQK\GURORJLTXH

 Propagation de l’erreur 
/¶HUUHXUDVVRFLpHDX[SUpFLSLWDWLRQVHVWLPpHVSDU7$3((5IRXUQLHSRXUFKDTXHSL[HOHWSDV
GHWHPSVFRUUHVSRQGjO¶HUUHXUG¶pFKDQWLOORQQDJH&HWWHHUUHXUHVWUHODWLYHPHQWIRUWHSRXUOHVIDLEOHV
FXPXOVHWGLPLQXHDYHFO¶LQWHQVLWpOHVSOXLHVOHVSOXVIRUWHVSUpVHQWHQWXQHIDLEOHHUUHXU6L7$3((5
IRXUQLWXQHHVWLPDWLRQGH O¶HUUHXU OD VWUXFWXUHGHFHOOHFL Q¶HVWFHSHQGDQWSDVFRQQXH'LIIpUHQWHV
K\SRWKqVHVTXDQWjVDFRUUpODWLRQVSDWLRWHPSRUHOOHRQWpWpWHVWpHVSRXUDSSOLTXHUO¶HUUHXUDX[FKDPSV
GHSOXLHVHQJpQpUDQWGHVHQVHPEOHV&HVWHVWVRQWPLVHQpYLGHQFHO¶LPSDFWGHODFRUUpODWLRQVSDWLR
WHPSRUHOOH GHV FKDPSV G¶HUUHXUV 6L O¶HUUHXU HVW LQGpSHQGDQWH HQWUH SL[HOV HW SDV GH WHPSV OHV
HQVHPEOHV FRUUHVSRQGDQWV Q¶LQGXLVHQW SDV GH IRUWH GLVSHUVLRQ GHV VLPXODWLRQV K\GURORJLTXHV /D
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FRUUpODWLRQVSDWLRWHPSRUHOOHGH O¶HUUHXU DSOXVG¶LPSDFW VXU ODPRGpOLVDWLRQTXH ODGLPLQXWLRQGX
QRPEUHGHUDGLRPqWUHV02GDQVODFRQVWHOODWLRQ

 Limites et perspectives 
'HSDUVRQFDUDFWqUHSURVSHFWLIFHWWHpWXGHFRPSRUWHGHQRPEUHXVHVOLPLWHVTXLGHYURQWrWUH
UHSRXVVpHVSDUGHVWUDYDX[XOWpULHXUV/DYHUVLRQDFWXHOOHGXSURGXLW7$3((5Q¶HVWGLVSRQLEOHTXH
GHSXLV  HW FHWWH pWXGH FRQVWLWXH OD SUHPLqUH DSSOLFDWLRQ K\GURORJLTXH (OOH DXUD SHUPLV GH
GpPRQWUHUOHSRWHQWLHOK\GURORJLTXHGXSURGXLW7$3((5SRXUOD]RQHHWODSpULRGHFRQVLGpUpHV0DLV
O¶pWXGHGHYUDrWUHpWHQGXHGDQVOHWHPSVHWjG¶DXWUHVUpJLRQVSRXUFRQILUPHUFHVFRQFOXVLRQV
/¶HUUHXUGH7$3((5HVWUHODWLYHPHQWIDLEOHSRXUOHVFXPXOVOHVSOXVLPSRUWDQWVTXLFRQWULEXHQWOH
SOXV DX UXLVVHOOHPHQW SRXU OD ]RQH G¶pWXGH /¶LPSDFW GH VRQ DSSOLFDWLRQ VXU OHV SUpFLSLWDWLRQV
XWLOLVpHV HQ IRUoDJH GH OD PRGpOLVDWLRQ K\GURORJLTXH GpSHQG VXUWRXW GH OD VWUXFWXUH GHV FKDPSV
G¶HUUHXU &HWWH VHQVLELOLWp GH O¶K\GURORJLH j OD VWUXFWXUH GH O¶HUUHXU QpFHVVLWH XQH FRQQDLVVDQFH
DSSURIRQGLH GH O¶DXWRFRUUpODWLRQ GHV FKDPSV G¶HUUHXU VRLW SDU GHV PpWKRGHV GH PRGpOLVDWLRQV
SK\VLTXHVVRLWJUkFHjGHVPpWKRGHVHPSLULTXHV6WHLQHUHWDO+RVVDLQHW$QDJRVWRX
&HVGHUQLqUHVQpFHVVLWHQWGHVFKDPSVGHSOXLHGHUpIpUHQFHELHQUpVROXVVXUGHJUDQGHVVXUIDFHVW\SH
UpVHDX GH UDGDUV HW VRQW HQFRUH LPSRVVLEOHV HQ $IULTXH GH O¶2XHVW 0DLV HOOHV SRXUUDLHQW rWUH
HQYLVDJpHVGDQVG¶DXWUHVEDVVLQVWURSLFDX[pTXLSpVGHUDGDUFRPPHDX%UpVLO

 Evolution de la crue Rouge depuis 1950 : quelles sont les causes ?  
 Contexte  
(QILQOHGHUQLHUYROHWGHFHVWUDYDX[GHWKqVHV¶HVWIRFDOLVpVXUOHVFDXVHVGHO¶pYROXWLRQGHOD
FUXH5RXJHGH1LDPH\HWOHU{OHGHVSUpFLSLWDWLRQVGHSXLVOHVDQQpHV/¶HQVHPEOHGXEDVVLQGX
1LJHUHVWVRXPLVDX[YDULDWLRQVHWDX[FKDQJHPHQWVFOLPDWLTXHVTXHWUDYHUVHO¶$IULTXHGHO¶2XHVW
0DLV G¶DXWUHV IDFWHXUV LQIOXHQFHQW VRQ K\GURORJLH FRPPH HQ ]RQH VDKpOLHQQH R XQ SKpQRPqQH
G¶DXJPHQWDWLRQGXGpELWDpWpREVHUYpGHSXLV ODSpULRGHGHVqFKHUHVVHGHVDQQpHV'H
QRPEUHXVHVpWXGHVVHVRQWSHQFKpHVVXUOHU{OHGHVFKDQJHPHQWVGHFRXYHUWXUHHWG¶XWLOLVDWLRQGHV
VROVHWVXUOHXUVLQIOXHQFHVVXUO¶DXJPHQWDWLRQGXUXLVVHOOHPHQW0DLVOHU{OHGHVSUpFLSLWDWLRQVHVW
HQFRUHWURSSHXFRQQXDORUVTX¶HOOHVRQWIRUWHPHQWYDULpGHSXLVOHVDQQpHVHWTX¶HOOHVVHPEOHQW
V¶LQWHQVLILHUGHSXLVOHVDQQpHV/DPRGpOLVDWLRQDpWpXWLOLVpHFRPPHXQOHYLHUSRXUGpFRPSRVHU
OHVU{OHVGHVFKDQJHPHQWVGHVXUIDFHVHWGHVFRQGLWLRQVSOXYLRPpWULTXHVHQWUHHW/HU{OH
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GHV FKDQJHPHQWV GH UpJLPH K\GURORJLTXH UXSWXUHV G¶HQGRUpLVPH DX VHLQ GH O¶DLUH GH GUDLQDJH
SDUWLFLSDQWjODFUXH5RXJHDpJDOHPHQWpWpDERUGpGDQVFHWWHpWXGH

 Apport de l’approche choisie 
7RXW G¶DERUG OD PRGpOLVDWLRQ D pWp XWLOLVpH SRXU WHVWHU VpSDUpPHQW OHV GLIIpUHQWV IDFWHXUV
LQIOXHQoDQW O¶K\GURORJLHGXEDVVLQGXELHI$QVRQJR1LDPH\(QHIIHW OHVYDULDWLRQVGXFOLPDWGX
FRXYHUW YpJpWDO HW GH O¶K\GURORJLH pWDQW LQWLPHPHQW OLpHV HW LPEULTXpHV OD FRPSDUDLVRQ GH
FRUUpODWLRQV GH VpULHV WHPSRUHOOHV Q¶HVW SDV VXIILVDQWH SRXU SURXYHU RX H[FOXUH XQH UHODWLRQ GH
FDXVDOLWp(QSUHPLHUOLHXVHXOHVOHVYDULDWLRQVGHVSUpFLSLWDWLRQVRQWpWpH[SORUpHV/DFRQILJXUDWLRQ
GXPRGqOHpWDLWGRQFVWDEOHVXUODSpULRGHpWXGLpHHWVHXOHVOHVSUpFLSLWDWLRQVpYROXDLHQW3XLVOHVHIIHWV
GHVYDULDWLRQVGHFRXYHUWYpJpWDOHWG¶DLUHGHGUDLQDJHRQWpWpH[SORUpV
(WDQW GRQQpH OD VHQVLELOLWp GH OD PRGpOLVDWLRQ DX[ FDUDFWpULVWLTXHV GHV SUpFLSLWDWLRQV FXPXO HW
GLVWULEXWLRQHWDILQGHWLUHUGHVFRQFOXVLRQVLQGpSHQGDQWHVGXW\SHG¶HVWLPDWLRQGHVSUpFLSLWDWLRQV
O¶pWXGHV¶HVWEDVpHVXUSOXVLHXUVSURGXLWVGHX[SURGXLWVLQVLWX.5,*HW&3&HWXQSURGXLWVDWHOOLWH
SRVWDMXVWp3(56,$11&'50DLVVHXOHODSpULRGHpWDLWFRXYHUWHSDUO¶HQVHPEOHGHFHV
SURGXLWVFOLPDWLTXHV(WODSpULRGHDpWpDQDO\VpHVHXOHPHQWVXUODEDVHG¶XQVHXOSURGXLW
.5,*

 Scénario des causes de l’évolution de la crue Rouge du Niger 
/HVUpVXOWDWVRQWGpPRQWUpTX¶DYHFO¶HQVHPEOHGHVSURGXLWVOHVYDULDWLRQVGHVSUpFLSLWDWLRQV
VHXOHVSHUPHWWHQWGHUHSURGXLUH OHVSULQFLSDX[FKDQJHPHQWVK\GURORJLTXHVHQWUHHW OH
UHQIRUFHPHQWGHODFUXH5RXJHHWVDGLVVRFLDWLRQG¶DYHFODFUXH*XLQpHQQH/¶pWXGHpWHQGXHDYHFOH
VHXOSURGXLWGLVSRQLEOHGHSXLVDPRQWUpHQUHYDQFKHTXHOHVSUpFLSLWDWLRQVVHXOHVQHSHXYHQW
H[SOLTXHUOHVFKDQJHPHQWVK\GURORJLTXHVHQWUHOHVGpFHQQLHVOHVSOXVDQFLHQQHVHWOHV
GpFHQQLHVVXLYDQWHV'HVFKDQJHPHQWVWHOVTXHODYpJpWDOLVDWLRQGXEDVVLQHWODUpGXFWLRQ
GH O¶DLUH GH GUDLQDJH PLPDQW XQH SURSRUWLRQ G¶HQGRUpLVPH SOXV LPSRUWDQWH SRXU OHV SUHPLqUHV
GpFHQQLHVSHUPHWWHQWFHSHQGDQWGHVHUDSSURFKHUGHVREVHUYDWLRQV&HWWHpWXGHHQDFFRUGDYHFOHV
SUpFpGHQWVUpVXOWDWVGH$LFKHWDOPRQWUHOHU{OHFRQMRLQWGHVFKDQJHPHQWVGHVXUIDFHHWGHV
SUpFLSLWDWLRQV VXU OHVPRGLILFDWLRQVGH O¶K\GURORJLHGX EDVVLQ HWGH ODFUXH5RXJH&HSHQGDQWFHV
WUDYDX[YRQWSOXVORLQHQSHUPHWWDQWG¶DIILQHUODFKURQRORJLHGHOHXUVLPSDFWV&HVUpVXOWDWVDVVRFLpHV
DX[FRQQDLVVDQFHVDFFXPXOpHVSDUGHQRPEUHXVHVpWXGHVGHSXLV$OEHUJHOMXVTX¶DX[UpFHQWHV
pWXGHVGH'HVFURL[HWDOHW0DPDGRXHWDOSHUPHWWHQWG¶pWDEOLUXQVFpQDULRK\SRWKpWLTXH
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GHV FDXVHV GHV FKDQJHPHQWV GH OD FUXH 5RXJH j 1LDPH\ 3HQGDQW OHV GpFHQQLHV  OD
FRXYHUWXUHYpJpWDOHHW O¶LQILOWUDELOLWpGHV VROV OLPLWDLHQW OH UXLVVHOOHPHQWPDOJUpGHVSUpFLSLWDWLRQV
DERQGDQWHV $ SDUWLU GHV DQQpHV  XQ FKDQJHPHQW GUDVWLTXH GHV FRQGLWLRQV GH VXUIDFH V¶HVW
DPRUFp /HV FDXVHV GLIILFLOHPHQW GLVVRFLDEOHV VRQW LPSXWDEOHV DX GpILFLW SOXYLRPpWULTXH HW DX[
DFWLYLWpV DQWKURSLTXHV &HV IDFWHXUV SHUVLVWDQWV RQW PRGLILp OHV SURSULpWpV GX VRO LQGXLVDQW XQH
DXJPHQWDWLRQGXUXLVVHOOHPHQW$PDQLHW1JXHWRUD0DKpHWDO&HOOHFLDOODQWMXVTX¶j
HQJHQGUHUGHVUXSWXUHVG¶HQGRUpLVPHGDQVFHUWDLQHVSDUWLHVGXEDVVLQ$PRJXHWDO0DPDGRX
HWDO8QHDXJPHQWDWLRQGHVpFRXOHPHQWVGHVDIIOXHQWVGXELHI$QVRQJR1LDPH\DGRQFpWp
REVHUYDEOHPDOJUpOHGpILFLWSOXYLRPpWULTXHSHQGDQWOHVDQQpHV$YHFOD©UHSULVHªGHV
SUpFLSLWDWLRQVGHSXLVOHVDQQpHVOHVpFRXOHPHQWVFRQWLQXHQWG¶DXJPHQWHU0DLVFHWWHIRLVjFDXVH
GH O¶pYROXWLRQ GHV SUpFLSLWDWLRQV SULQFLSDOHPHQW 'HSXLV OD FUXH 5RXJH VH GpWDFKH GH OD FUXH
*XLQpHQQHHWODGpSDVVHIUpTXHPPHQWVXUWRXWGHSXLVOHVDQQpHV/¶DXJPHQWDWLRQUpFHQWHGHOD
FUXH5RXJHHVWGRQFOLpHDX[FKDQJHPHQWVSDVVpVGHVFRQGLWLRQVGHVXUIDFHIDYRULVDQWOHUXLVVHOOHPHQW
HWDX[pYROXWLRQVUpFHQWHVGHVSUpFLSLWDWLRQV

 Limites et perspectives 
7RXW G¶DERUG FHWWH pWXGH GHYUDLW rWUH UpDOLVpH DYHF XQ DXWUH SURGXLW G¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQVVXUODSpULRGH0DLVOHVSULQFLSDOHVOLPLWHVHQSDUWLFXOLHUVXUODFKURQRORJLH
GHVpYqQHPHQWVUpVLGHQWGDQVODUHSUpVHQWDWLRQGHVFKDQJHPHQWVGHFRQGLWLRQVGHVXUIDFH'¶XQHSDUW
OD VHQVLELOLWp G¶,6%$75,3 DX[GLIIpUHQWHV FODVVHV GH YpJpWDWLRQ HVW OLPLWpH OHPRGqOH pWDQW SOXV
VHQVLEOHDX[SURSRUWLRQVTX¶DX[W\SHVGHYpJpWDWLRQ3RXUDOOHUSOXVORLQGDQVODFRPSUpKHQVLRQGHV
FDXVHV GHV FKDQJHPHQWV K\GURORJLTXHV GHV EDVVLQV VDKpOLHQV XQH PRGpOLVDWLRQ SOXV DGDSWpH HVW
QpFHVVDLUH '¶DXWUH SDUW XQH UHVWLWXWLRQ ILGqOH GHV YDULDWLRQV GX FRXYHUW YpJpWDO HW GX UpVHDX GH
GUDLQDJHHVWQpFHVVDLUHSRXUDOLPHQWHU OHVPRGqOHVHWSRXUUDLW VHEDVHU VXU OD WpOpGpWHFWLRQ(QILQ
O¶pWXGH GHV FKDQJHPHQWV LQIUDMRXUQDOLHUV GHV SUpFLSLWDWLRQV HVW QpFHVVDLUH SRXU DSSURIRQGLU FHWWH
pWXGH(QHIIHWVLODUHSULVHUpFHQWHGHVSUpFLSLWDWLRQVDHQJHQGUpXQHPRGLILFDWLRQGHODFUXH5RXJH
OHV FKDQJHPHQWV ILQH pFKHOOH GHV SUpFLSLWDWLRQV LQWHQVLWp KRUDLUH GLVWULEXWLRQ VSDWLDOH LQIUD
MRXUQDOLqUHHWF«HWOHXULPSDFWVXUO¶K\GURORJLHUHVWHQWHQFRUHLQFRQQXV




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 Perspectives générales 
/¶DSSURFKHFRPELQDQWPRGpOLVDWLRQ K\GURORJLTXHHWHVWLPDWLRQVDWHOOLWHGHVSUpFLSLWDWLRQV
SRXUOHVXLYLHWODFRPSUpKHQVLRQGHVFKDQJHPHQWVK\GURORJLTXHVDXVHLQGHEDVVLQVSHXLQVWUXPHQWpV
SRXUUDLWrWUHGpYHORSSpHGHPXOWLSOHVPDQLqUHV&HUWDLQHVGHFHVSHUVSHFWLYHVVRQWGLUHFWHPHQWOLpHV
DX[FROODERUDWLRQVGpYHORSSpHVDXFRXUVGHFHWWHWKqVH
'DQVXQSUHPLHUWHPSVFRQFHUQDQWO¶XWLOLVDWLRQGHVPR\HQVVSDWLDX[SRXUOHVXLYLHWODFRPSUpKHQVLRQ
GH O¶K\GURORJLH WURSLFDOH OHVFROODERUDWLRQVGpYHORSSpHVDXVHLQGH O¶pTXLSH07HW*306:27
SRXUURQWSHUPHWWUHGHSRXUVXLYUHO¶DSSURFKHGpYHORSSpHGDQVFHVWUDYDX[L/HVWUDYDX[GHWKqVH
GH&*XLOORWHDXSRUWDQWVXU ODGpVDJUpJDWLRQSK\VLTXRVWDWLVWLTXHGHVSUpFLSLWDWLRQVVDWHOOLWHVSRXU
O¶K\GURORJLHWURSLFDOHSHUPHWWURQWG¶DPpOLRUHUO¶XWLOLVDWLRQGHVSURGXLWVVDWHOOLWHVLLXQHHVWLPDWLRQ
GH OD VWUXFWXUH GH OD FRUUpODWLRQ GHV FKDPSV G¶HUUHXU GH 7$3((5 PDLV DXVVL GH O¶HQVHPEOH GHV
HVWLPDWLRQVVDWHOOLWHVGRLWrWUHPHQpHSRXUWLUHUSDUWLGHFHWWHLQIRUPDWLRQVDQVLQGXLUHDUWLILFLHOOHPHQW
XQHHUUHXU WURS LPSRUWDQWHGDQV OHV VLPXODWLRQVK\GURORJLTXHV LLLG¶DXWUHVGRQQpHV WHOOHVTXH OHV
SUpFLSLWDWLRQVHVWLPpHVSDUOLHQWpOpFRP5DLQFHOORXOHVKDXWHXUVG¶HDXSDUDOWLPpWULH6:27VRQW
pJDOHPHQWHQYLVDJpHVSRXUDPpOLRUHU OH VXLYLK\GURORJLTXHGHVEDVVLQVWURSLFDX[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2567202IILFHGHODUHFKHUFKHVFLHQWLILTXHHWWHFKQLTXHRXWUH
PHU&HQWUHGHUHFKHUFKHVSpGRORJLTXHV(¶¶¶(1¶¶¶1
¶¶¶FDUWHHQFRXOGpSOKW[FP
 
ANNEXES 
  
258 
 
$11(;(9
&DUWHVJpRORJLTXHVGX1RUG2XHVWGX%XUNLQD)DVRVRXUFH(XURSHDQ'LJLWDO$UFKLYHRI6RLO0DSV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256720 2IILFH GH OD UHFKHUFKH VFLHQWLILTXH HW WHFKQLTXH RXWUH PHU &HQWUH GH UHFKHUFKHV
SpGRORJLTXHV:(11¶


























ANNEXES 
  
261 
 
9'&DUWH3pGRORJLTXHGH5HFRQQDLVVDQFHGHO¶DQFLHQQH5pSXEOLTXHGH+DXWH9ROWD(VW
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$11(;(9,
$UWLFOH$QDO\VLVRIK\GURORJLFDOFKDQJHVDQGIORRG LQFUHDVH LQ1LDPH\EDVHGRQ WKH3(56,$11
&'5VDWHOOLWHUDLQIDOOHVWLPDWHDQGK\GURORJLFDOVLPXODWLRQVRYHUWKHSHULRGSXEOLpGDQV
OD UHYXH 3URFHHGLQJ RI ,QWHUQDWLRQDO $VVRFLDWLRQ RI +\GURORJLFDO 6FLHQFHV j O¶RFFDVLRQ GH OD
FRQIHUHQFHGHO¶,8**,QWHUQDWLRQDO8QLRQRI*HRGHV\DQG*HRSK\VLFV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